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(S) Poxviral vectors and their use as a vaccine against feline infectious peritonitis virus disease. 



(57) The invention that relates to recombinant raccoon poxvirus useful as a Vaccine Against Feline 
Infectious Peritonitis Virus Disease. The recombinant raccoon poxvirus has at least one internal gene 
comprising a DNA sequence encoding a member selected from the group consisting of the nucleocap- 
sid (N) and transmembrane (M/E1) proteins of Feline Infectious Peritonitis Virus (FIPV). 
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Field of the Invention 

The present invention pertains to the prophylaxis of disease caused by feline infectious peritonitis virus 
(FIPV), using recombinant raccoon pox viruses (RRPVs) expressing the nucleocapsid and transmembrane pro- 
5 teins of FIPV as vaccines. 

Background of the Invention 

Feline infectious peritonitis virus (FIPV) induces a systemic infection in cats that is often fatal. The effusive 
10 form of the disease is characterized by accumulation of fibrinous ascitic fluid. The non-effusive form of the 
disease is characterized by granulomatous lesions in multiple organs including, but not limited to, liver, spleen, 
kidneys, lung, and intestines. Reviewed in Barlough, J.E. and C. A. Stoddart Feline Coronaviral Infections in 
C.E. Greene (Ed.). Infectious Diseases of theDog and Cats . W.B. Saunders Co., Philadelphia, PA, 1990, pp. 
300-312. 

15 Feline infectious peritonitis virus is a coronavirus composed of three major structural proteins: The S 

(spike) protein, the E1 or M (transmembrane) protein, and the N (nucleocapsid) protein. Venema et al., Virology 
181: 327-335, 1991 and Dale, et al., EPO 0,376, 744. 

Prior vaccines intended to prevent FIPV infection have actually been shown to exacerbate the disease 
caused by this virus. Pedersen, N.C. and J.W. Black, Am. J. Vet. Res. 44: 229-234, 1983; Vennema H., et al., 

20 J. Virol. 64: 1407-1409, 1990; Barlough, J.E., Can. J. Comp. Med. 49: 303-307, 1985; Barlough J.E. et al., Lab. 
Anim. Sci. 34: 592-597, 1984; Stoddart, C.A., et al., Res. Vet. Sci. 45: 383-388, 1988; and Pedersen, N.C, 
Adv. Vet. Sci. Comp. Med. 33: 413-428, 1989. This phenomenon apparently reflects an immune enhancement 
of infection mediated by immunoglobulins produced in response to the virus, in particular by those antibodies 
directed against the S protein. Olsen C. W. et al., J. Virol. 4: 175-189, 1981. Therefore, the best candidate vac- 

25 cine for prophylaxis of this disease would be a preparation that induces strong cell-mediated immunity in the 
absence of enhancing antibodies. This could be accomplished with a vaccine that lacks the outer envelope 
protein but contains the other structural proteins of FIPV (N and E1). Prior attempts to vaccinate cats with a 
recombinant vaccinia virus expressing the N or E1 proteins of FIPV, however, have failed to induce strong pro- 
tective immunity. Venema et al., Virology 181:327-335, 1991 and Dale, et al., European Patent Application 

30 0,376,744. See also, Venema, European Patent Application 0,411,684. 

What is needed in the art, therefore, is an effective vaccine against FIPV that utilizes the N and E1 proteins, 
or segments therefrom, as immunogens. 

Summary of the Invention 

35 

The present invention pertains to the induction of protective immunity to FIPV in cats. One object of the 
invention is to provide recombinant raccoon poxviruses containing the genes for the FIPV N or M/E1 proteins 
(RRPV-N and RRPV-E1, respectively). 

Afurther object of the invention is to provide a feline vaccine comprising RRPV-N or RRPV-E1 , either singly 
40 or in combination, or in combination with other viruses, bacteria, or fungi that have been inactivated or atte- 
nuated. A still further object of the invention is to provide a method for preventing disease caused by FIPV, by 
administering to a feline in need of such treatment a vaccine comprising RRPV-N, RRPV-E1 , or combinations 
thereof. 

These and other objects and advantages, which will be apparent from this specification, are achieved by 
45 the invention described below. 

Description of the Drawings 

Figure 1 illustrates the nucleotide and amino acid sequence of the FIPV E1 protein and the FIPV N protein 
50 (Figures 1Aand 1B, respectively.) 

Figure 2 illustrates the plasmid used to clone the genes encoding the FIPV E1 and N proteins. 

Figure 3 schematically shows the pSC11 transfer plasmids used to create RRPVs encoding the FIPV E1 
and N proteins (Figs 3B and 3C, respectively.) 

Figure 4 illustrates the nucleotide sequence of pSC11 FIPV E1 and pSC11 FIPV N (Figures 4Aand 4B, 
55 respectively.) 

Figure 5 is a photograph of an ethidium bromide-stained agarose gel showing the analysis of RRPV-FIPV 
N and RRPV-FIPV E1 by polymerase chain reaction. 

Figure 6 is an immunoblot illustrating the detection of FIPV N and E1 proteins in virally infected ceil lysates. 
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Detailed Description of the Invention 

The vaccine of the present invention may be prepared by creating recombinant raccoon poxviruses 
(RRPVs) containing the genes encoding the N or E1 proteins of FIPV or immunogenic fragments thereof. These 
5 genes are first inserted into a transfer plasrnid, which is then introduced into appropriate host cells that have 
been previously infected with a raccoon poxvirus. As a result, the DNAfrom the transfer plasrnid is incorporated 
into the poxvirus DNA by homologous recombination, producing the RRPVs that are released from the cells. 

DNA encoding the FIPV N or E1 proteins is inserted into the transfer plasrnid immediately downstream of 
a poxvirus promoter. In a preferred embodiment, the early/late 7.5 Kd protein promoter of vaccinia virus is used; 
10 however, alternate promoter elements that are functional in poxviruses can also be used. 

The preferred transfer plasrnid also contains a beta-galactosidase marker gene, which allows for selection 
and detection of the plasrnid DNA sequences in recombinant viruses. It will be obvious to one skilled in the art 
that alternative selectable marker genes, such as the neomycin resistance gene or the E. coli gpt gene or oth- 
ers, can be used to practice the invention. Flanking the foreign gene of interest and the selectable marker gene 
15 are thymidine kinase DNA sequences, which facilitate recombinatorial integration of the plasrnid DNA sequenc- 
es into the raccoon poxvirus DNA 

Recombinant viruses expressing the FIPV N or E1 genes are prepared by first infecting a susceptible cell 
line such as Vera (ATCC CCL 81), BSC-1 (ATCC CCL 26), RAT-2 (ATCC CRL 1764), or CRFK (ATCC CCL 
941) with wild type raccoon poxvirus (ATCC VR-838 or similar isolates, such as, for example, RCNV71-I-85A). 
20 Transfer plasrnid DNA containing the E1 or N gene is then transfected into the infected ceils using cationic 
liposome-mediated transfection, or other suitable techniques such as electroporation or calcium phosphate 
precipitation. Virus replication is allowed to proceed until cytopathic effects are noted in al! cells. 

incorporation of the FIPV E1 or N genes into poxvirus DNA is accompanied by disruption of the viral thy- 
midine kinase gene. Therefore, virus harvested from this infection may be isolated by selecting for the absence 
25 of a thymidine kinase gene; this is achieved by growth on tk- RAT-2 cells (ATCC CRL 1764) in the presence 
of 5-bromodeoxyuridine. Viruses containing a gene insert from the transfer plasrnid are further identified by 
the appearance of a blue plaque color when grown in the presence of a chromogenic substrate for beta- 
galactosidase such as X-gal. 

Viral plaques that survive these selection and screening procedures are then subjected to several cycles 
30 of plaque purification. Subsequently, the presence of the E1 or N genes is confirmed by polymerase chain 
reaction technology, and the presence of E1 or N protein is confirmed by immunobiot analysis using specific 
antibodies. These viruses are designated RRPV-FIPV E1 and RRPV-FIPV N, respectively. 

In a further embodiment of the present invention, the genes encoding N and E1 were inserted into a single 
transfer plasrnid. Introduction of this plasrnid into cells previously infected with wild-type raccoon poxvirus re- 
35 suits in the production of recombinant viruses that express both proteins simultaneously (RRPV-FIPV E1/N). 

In a still further embodiment, RRPVs can be produced that express less-than-full-length segments of the 
FIPV E and N proteins. The techniques used to engineer transfer plasmids encoding partial sequences of E1 
and N are well-known and widely used in the art, as are the methods for production and screening of RRPVs 
as detailed in this specification. For example, introduction of oligonucleotides containing a stop codon at va- 
40 rious points along E1 or N DNA will produce a nested set of carboyxterminal-truncated versions of that gene, 
which can then be incorporated into RRPVs. It will be apparent to one of ordinary skill in the art that systematic 
screening of such recombinant RRPVs can establish whether the intact protein, or subf ragments thereof, are 
most preferred in practicing the present invention. Furthermore, as stated above, DNA encoding different frag- 
ments of E1 and N can be used in a combination vaccine after incorporation into the same, or different, RRPVs. 
45 For vaccine preparation, susceptible cells such as those listed above are infected with RRPVs at a multi- 

plicity of infection (MOI) of 0.1 infectious units/cell or less. In this specification, an infectious unit is defined 
as a Tissue Culture Infectious Dose (TCID50), an amount of virus yielding 50% infection under defined condi- 
tions. A method for TCID50 determination is detailed in Example 1 below. When cytopathology is noted in > 
90% of the cells, the infected cells and extracellular fluids (both of which contain viruses) are harvested as a 
so single virus-cell lysate. 

The highly concentrated virus stock to be used as a vaccine may be stored frozen (-50°C or colder) or 
lyophilized until the time of use. Compounds such as NZ-amine, dextrose, gelatin or others designed to sta- 
bilize the virusduring freezing and lyophilization may be added. The virus initially present in the virus-cell lysate 
may be further concentrated using commercially available equipment. 
55 Typically, the concentration of virus in the vaccine formulation will be a minimum of 10 6 - 5 TCID50 per dose, 

but will typically be in the range of 10™ to 10 9 0 TCID50 per dose. At the time of vaccination, the virus is thawed 
(if frozen) or, if lyophilized, is reconstituted with a physiologically-acceptable carrier such as deionized water, 
saline, phosphate buffered saline, or the like. 
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The present invention is not limited to native (i.e. replication-competent) RRPVs. The virus-cell lysate can 
be subjected to treatments commonly used in the art to inactivate viruses. A composition comprising inacti- 
vated virus and expressed protein will be effective in eliciting protective immunity against FIPV if it contains 
a sufficient quantity of FIPV protein. This type of vaccine would provide added assurance that recipient felines 
5 will not be exposed to infectious FIPV as a consequence of vaccination. In addition, a physiologically-accept- 
able adjuvant may be added to the virus, such as EMA 31 (Monsanto Co., St. Louis, MO), NEOCRYL (Polyvinyl 
Chemical Industries, Wilmington, MA), MVP (Modern Veterinary Products, Omaha, NE), Squalene, Pluronic 
L121,orthelike. 

Individual raccoon poxviruses expressing the IM or E1 genes may be mixed together for vaccination. Fur- 
10 thermore, the virus may be mixed with additional inactivated or attenuated viruses, bacteria, or fungi such as 
feline leukemia virus, feline panleukopenia virus, feline rhinotracheitis virus, feline calicivirus, feline immuno- 
deficiency virus, feline herpesvirus, feline enteric coronavirus, feline Chlamydia psittaci, Microsporum canis, 
or others. In addition, antigens from the above-cited organisms may be incorporated into combination vaccines. 
These antigens may be purified from natural sources or from recombinant expression systems, or may com- 
15 prise individual subunits of the antigen or synthetic peptides derived therefrom. 

In a further embodiment of the present invention, live or inactivated RRPV virus-ceil lysates can be incor- 
porated into liposomes, or encapsulated in peptide-, protein-, or polysaccharide-based microcapsules prior to 
administration, using means that are known in the art 

The final vaccine is administered to cats in a volume that may range from about 0.5 to about 5 ml. The 
20 vaccine can be administered by subcutaneous, intramuscular, oral intradermal, or intranasal routes. The num- 
ber of injections and their temporal spacing may be varied. One to three vaccinations administered at intervals 
of one to three weeks are usually effective. 

The following examples are intended to further illustrate the invention without limiting its scope. The tech- 
niques used to infect and trahsfect cells, plaque purify virus, perform immunoblot analysis are widely practiced 
25 in the art 

Example 1 

GENERATION OF RECOMBINANT RACCOON POXVIRUSES EXPRESSING FIPV N AND E1 GENES 

30 

1. Cloning of FIPV N and E1 Genes and Preparation of Transfer Plasmids 

The sequences of the E1 and N genes used in the present invention are shown in Figures 1 A and 1 B, re- 
spectively, of the specification. The methods for cloning of the N and El genes of FIPV and their insertion into 
35 a pSC11 transfer vector are detailed in European Patent Application 0,376,744, which is incorporated by ref- 
erence. The plasmid used to clone the cDNAfor the E1 and N genes is shown in Figure 2. The pSC11 plasmids 
carrying the E1 and N genes are shown in Figures 3B and 3C, respectively. The sequences of these plasmids 
are shown in Figures 4A and 4B. 

To construct a pSC11 transfer plasmid containing both N and E1 genes, a 1.0 kb DNAfragment containing 
40 the vaccinia 7.5 promoter and the E1 gene was inserted downstream of the N gene in pSC11-FIPV N. The 
resulting plasmid was designated pSC11-FIPV N/E1. 

2. Preparation of Recombinant Raccoon Poxviruses(RRPVs) 

45 Monolayers of Vero cells (ATCC CCL 81) that were 80% confluent (approximately 5 x 10 6 cells/100 mm 
tissue culture dish) were infected for 30-60 minutes at 37°C with wild-type raccoon pox virus (ATCC VR-838) 
at a multiplicity of infection (MOI) of 0.1 TCIDso/celi. The medium (2 ml) consisted of Eagle's Minimum Essential 
Medium ("MEM", Gibco BRL #4101 500) containing 0.05% lactalbumin hydrolysate and 15 ug/ml gentamicin 
sulfate and adjusted to pH 7.2 with sodium bicarbonate. After infection, the medium was removed and the cells 

50 were transfected with the pSC11-FIPV N, pSC11-FIPV E1, or pSC11 N/E1 transfer plasmid by cationic lipo- 
some-mediated transfection using Transfectam® (Promega Corporation, Madison, Wl) and DOTAP (Boehring- 
er Mannheim, Indianapolis, IN), respectively, per manufacturer's instructions. The cells were incubated with 
the DNA-liposomes mixture in 3 ml of MEM containing 5% fetal bovine serum (FBS) overnight at 37°C (5% 
CO2), after which the medium was replaced with 8 ml of fresh MEM-5 % FBS. The transfected cells were in- 

55 cubated at 37°C (5% CO2) until greater than 80% showed cytopathic effects (CPE), which took approximately 
3-4 days. The virus-cell lysates were then removed from the plates and subjected to two cycles of freeze- 
thawing before storage at -70°C. 
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3. Isolation of Recombinant Raccoon Pox Virus Carrying the FIPV N Gene 

RRPVs carrying FIPV N gene (RRPV-FIPV N) were isolated and purified from the pSC11-FIPV N- Vero 
cell transfection by standard viral plaque purification methods. Monolayers of Vero cells (50-80 % confluent) 

5 were infected with 2 ml of ten-fold serial dilutions (1 0~ 1 to 1 0- 3 ) of the viral-cell lysates for 1 hour at 37°C. After 
incubation, the media was removed and the infected cells were overlaid with 8-1 0 ml of 1.25% Noble agar con- 
taining MEM/5% FBS. The infected cells were then incubated for 3-4 days at 37°C (5% CCfe), and overlaid again 
with 4 ml of 1.25% Nobel agar containing 0.5X PBS and 600 ng/ml 5-bromo-4-chloro-3-indoiyl-p-D-galacto- 
pyranoside (X-gal, States Biochemical Cleveland, Ohio). The plates were incubated at 37°C (5% CO2) for 4- 

10 1 6 hours, until blue (i.e. 0-galactosidase positive) viral plaques were observed. The recombinant viral plaques 
were picked with sterile blunt needles attached to a 1 cc syringe, suspended in 0.5 ml of 0.25 ng/ml trypsin, 
vortexed vigorously, and incubated at 37°C for 15-30 min. The disrupted viral plaques were then inoculated 
onto 5 x 10 s Vero cells in 25 cm 2 flasks and incubated at 37°C (5% C0 2 ) until greater than 80% CPE was ob- 
served. The viral-cell lysates containing RRPV-FIPV N were subjected to two cycles of f reeze-thawing and 

15 stored at -70°C. Six individual RRPV-FIPV N clones were selected and plaque-purified five times as described 
above. 

4. Isolation of Recombinant Raccoon Pox Virus Containing the FIPV E1 Gene 

20 RRPVs carrying the FIPV E1 gene (RRPV-FIPV E1) were isolated and purified from pSCII-FIPV E1-trans- 

fected Vero cells using the methods described for rRPV-FIPV N, with some modifications. In this case, thymi- 
dine kinase deficient (tk-) RRPVs from the initial virus-ceil lysates were selected on tk- RAT- 2 cells (ATCC 
CRL 1 764). This was performed by inoculating 1 ml of the initial virus-cell lysate onto a monolayer of RAT-2 
cells in a 75 cm 2 flask (approximately 5 x 10° cells) in the presence of 5-bromodeoxyuridine (Brdll) at 30 t^/ml 

25 in MEM. The infected monolayer was incubated at 37°C (5% CO2) for 3-4 days until greater than 70% CPE 
was observed. The tk- virus-cell lysates were subjected to two cycles of f reeze-thawing before storage at - 
70°C. Two individual RRPV-FIPV E1 clones were selected and subjected to six cycles of plaque purification 
as described above for RRPV-FIPV N. 

30 5. Confirmation of FIPV N and E1 Genes in RRPV by Polymerase Chain Reaction 

The presence of the FIPV N and E1 genes in the RRPVs was confirmed using the polymerase chain re- 
action (PCR). 90 til of a virus-cell lysate were incubated with 10 \i\ of tenfold concentrated PCR lysis buffer 
(100 mM Tris-HCL buffer, pH 8.5; 500 mM KCI; 25 mM MgCI 2 ; 5% Tween 20; 3 mg/ml Proteinase K) for 16 
35 hours at 50°C, then boiled for 10 min. 10 nl of this lysate was used in the PCR. PCR was performed in 100 \l\ 
of 1 0 mM Tris-HCL buffer, pH 8.3; 50mM KCI; 200 uM of each deoxyribonucleotide triphosphate, 1 .5 mM MgCI 2 ; 
30 pmoles of each oligonucleotide primer; and 2.5 units of AmpliTaq® DNA polymerase (Perkin-Elmer Cetus, 
Norwalk, CT). The primers used in the PCR for FIPV N were: 

m (1) 5 1 -CTCGTGGTCGGAAGAATAATG ATA-3 1 

(2) S'-AGCACCATAGAAAGTTGTCACATCO', 

corresponding to nucleotides 68-91 and 721-744 of the FIPV N open reading frame (primers 1 and 2, respec- 
45 tively). The primers used in the PCR for FIPV E1 were: 

(3) S'-TATGTAATGTTCGGCTTTAGTG-S' 
(4) 5 ' -GTGCTTCTGTTGAGTAATC ACC-3 ' 

50 

corresponding to nucleotides 334-355 and 721-742 of the FIPV E1 open reading frame (primers 3 and 4, re- 
spectively). The PCR amplifications were performed in a DNA Thermal Cycler (Perkin-Elmer Cetus) by first 
heating the reaction mixes to 94°C for denaturation, and then performing 35 cycles of amplification, each con- 
sisting of 1 min at 95°C, 1 min at 55°C, 2 min at 72°C, and, on the last cycle, a final incubation of 8 min at 
55 72°C. 10 11I of the PCR products were resolved by electrophoresis in a horizontal-submarine 4% NuSieve agar- 
ose gel (FMC BioProducts, Rockland, ME) in TAE buffer (40 mM Tris base, 20 mM sodium acetate, 1 mM EDTA, 
pH 7.2) by applying 5 V/cm for 1-2 hours. The DNA products were visualized by staining the gels with ethidium 
bromide. 
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PCR amplifications with the FIPV N and E1 primers gave DNA fragments of 676 and 408 nucleotides, 
respectively (Figure 5). PCR amplifications using the pSC11 FIPV N and E1 transfer plasmids served as pos- 
itive controls, and showed products of the predicted sizes. PCR amplifications using wild-type raccoon pox 
virus- Vero cell lysates served as a negative control, and no PCR products were observed in those samples. 

5 

6. Confirmation of RRPV FIPV N and E1 Protein Expression by Immunoblot Analysis 

Confluent monolayers of Vero cells in a 25 cm 2 flask (1-2 x 10 6 cells) were infected with clones of either 
RRPV-FIPV N or RRPV-FIPV E1 at an MOI of 0.1. The infected cells were incubated at 37°C (5% C0 2 ) for 2- 

10 3 days until approximately 80% of the cells showed cytopathic effects. A virus-cell lysate was prepared, and 
20 u.l of the sample were added to 5 ui of 5X Laemmli sample buffer (0.3 M Tris-HCI buffer, pH 6.8, containing 
5% SDS, 50% glycerol, 0.4% bromopheno! blue, and 3% 2-p-mercaptoethanol) and heated at 95°C for 5 min. 
The denatured protein samples were separated by SDS/polyacrylamide electrophoresis using a 4-15% gra- 
dient polyacryl amide gel as described previously. Maniatis et al., Molecular Cloning: A Laboratory Manual, 

15 1 982, Cold Spring Harbor Press. After electrophoresis, the proteins were transferred to nitrocellulose (Bio-Rad 
Laboratories, Hercules, CA) by electrotransfer using a Bio-Rad transfer apparatus per manufacturer's instruc- 
tions. The transfer was performed in 25 mM Tris-HCI buffer, containing 0.2 M glycine and 20% methanol, for 
45 minutes at 50V with constant current. 

FIPV N and E1 proteins were visualized on the nitrocellulose filter using specific antibodies. Davis et al., 

20 Basic Methods in Molecular Biology, 1986, Elsevier Science Publishing Company, New York, NY. The filter was 
rinsed in phosphate buffered saline pH 7.4 containing 0.1% Tween-20 ("PBS-TW"), after which non-specific 
sites were blocked by overnight incubation at4°C in PBS containing 1 % bovine serum albumin (PBS-BSA) 
followed by a 15 min wash in PBS-TW. The filter was then incubated for 30 min at room temperature with anti- 
FIPV antibodies, which consisted of ascites fluid from a FIPV (strain 79- 11 46)- infected cat, diluted 1:100 in 

25 PBS-TW containing 1% BSA ("PBS-TW-BSA"). After four 5 min washes in PBS-TW, the filter was incubated 
for 30 min at room temperature with a secondary antibody consisting of biotin-labeled mouseanti-cat IgG an- 
tibody (Kirkegaard & Perry Laboratories Inc., Gaithersburg, MD) that had been diluted 1:2000 in PBS-TW-BSA, 
followed by four 5 min washes in PBS-TW. The filter was then incubated for 30 min at room temperature with 
horseradish peroxidase-conjugated streptavidin (Kirkegaard & Perry Laboratories Inc.) that had been diluted 

30 1:1000 in PBS-TW. After the filter was washed four times (5 min each) in PBS-TW, the antigen-antibody com- 
plexes were visualized with peroxidase chromogenic substrate (Kirkegaard & Perry Laboratories Inc.). Su- 
crose-gradient purified FIPV and wild-type raccoon pox virus-Vero cell lysates were used as the positive and 
negative controls, respectively. Atypical immunoblot is shown in Figure 6. 

35 7. Raccoon Poxvirus Titration 

Serial tenfold dilutions of virus are prepared in MEM and inoculated in replicates of five onto Vero cells (1 
x 10 4 cells per well) in a 96" well plate. Virus preparations may be pretreated by dilution into an equal volume 
of 0.5% trypsin and incubation at 37°C for 30 min in order to release virus from inclusions. Plates are incubated 
40 for 3-5 days at 37°C (5% COJ and observed for cytopathology typical of raccoon poxvirus. Titers are calculated 
as 50% endpoints based on cytopathology using the methods of Reed and Muench, The American Journal of 
Hygiene 27(3):493-497) (1938). 

Example 2 

45 

PREPARATION OF VACCINE AND TESTING FOR EFFICACY IN CATS 

1 . Preparation of Master Seeds of RRPV-FIPV N and E1 Viruses 

so A single clone of each recombinant virus was selected for large-scale expansion to serve as a master seed 
virus. The criteria for selection were: 1) Demonstration of purity. Polymerase chain reaction was utilized to in- 
sure that the clone was uncontaminated with wild type virus. 2) Demonstration of adequate recombinant proten 
expression by Western blot or other antigen detection methods. 

All recombinant virus expansions and titrations were done on Vero cells in MEM containing 2.5% FBS. 

55 Each plaque purified virus clone was expanded by inoculating a confluent monolayer of Vero cells in a 150 
cm 2 flask (1 X 10 7 cells) with 1 ml of viral-cell lysate (approximately 10 7 infectious virus particles), and incu- 
bating at 37°C (5% COJ until 100% cytopathic effect was observed (2-3 days). This virus-cell lysate was ti- 
trated on Vero cells as described in Example 1 , and served as a premaster seed virus stock to obtain the master 
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seed virus. The MOI to be used to produce the highest titer master seed virus was determined by inoculating 
a confluent monolayer of Vero cells in a roller bottle (1 X 10 8 cells) with various MOIs of recombinant virus 
(e.g. 0. 1, 0.05, 0.01, 0.005, and 0.001 TCIDgo/cell.) The infected cells were incubated at 37°C until greater 
than 80% CPE was observed (approximately 3 days), and the titers of each infected roller bottle was deter- 
5 mined. The master seed viruses were aliquoted into 1 .5 ml ampules, which were sealed and stored in a liquid 
nitrogen freezer. 

2. Preparation of Vaccines 

10 3 x 10 7 Vero cells were seeded into 850 cm 2 roller bottles in 200 ml of growth media (MEM containing 0.5% 

lactalbumin hydrolysate and 5% FBS) and incubated for 18 hours at 37°C. The next day, the medium was re- 
moved from the cells and replaced with 50 ml of RRPV-FIPV N virus diluted to an MOI of 0.01 in infection media 
(MEM containing 0.5% lactalbumin hydrolysate and 2.5% FBS). The virus used was at the second passage 
beyond the master seed preparation. Virus was allowed to absorb to the cells for 30 min at 37°C, after which 

15 the volume of medium was adjusted to 150 ml per roller bottle. Roller bottles were incubated at 37°C until 100% 
cytopathology was evident (3 days). The virus-cell lysate was harvested and stored frozen (-70°C). The virus 
titer was determined to be 10 e - 97 TCID5o/ml. 

RRPV-FIPV E1 stocks were prepared in the same manner, except that an MOI of 0.1 was used. The final 
virus preparation was titered and found to contain 1 0 6 - 5 TCIDso/ml. Wild type raccoon poxvirus was grown using 

20 the same methods as described above, and contained 10 6 - 44 TCIDso/ml. 

3. Vaccination 

A group of twenty-four 9-month-old cats (specific pathogen-free, Harlan Sprague Dawley, Madison, Wl), 
25 comprising seven males and seventeen females, was used to demonstrate the efficacy of the RRPV-FIPV N 
vaccine. Cats were divided into five groups and vaccinated twice, 21 days apart, as indicated below: 
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*SC = Subcutaneous 
IM = Intramuscular 
Oral = Oral 



4. Challenge 

so ~ 

Two weeks following the second vaccination, cats were orally inoculated with 1 0 3 - 4 TCID50 of Feline Enteric 
Coronavirus (strain 79-1 683, ATCC VR-989). This virus induces a subclinical infection which can enhance sut>- 
sequent FIPV infection. Three weeks later, cats were orally challenged with 10 3 - 4 TCID50 of FIPV (strain 79- 
1146, ATCC VR-990). Cats were monitored weekly for a total of 64 days after challenge for signs of clinical 
55 disease including: fever, icterus, leukopenia, anemia, weight loss, anorexia, depression, dehydration, and peri- 
toneal swelling. Cats deemed moribund were euthanized by the attending veterinarian and post-mortem path- 
ological examination was performed. Clinical disease signs were scored as follows: 
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SIGN 
Fever 



103.0 - 103.9°F 
104.0 - 104.9°F 
*105.0*F 



SCORE 

1 point/day* 

2 points/day 

3 points/day 



♦For cats with baseline temperatures averaging 103°F, no points will be scored 
until temperatures are in excess of 1°F above baseline. 



Dehydration 




1 point/day 


Depression 




1 point/day 


Anorexia 




1 point/day 


Peritoneal Swelling 




1 point/day 


Icterus 




1 point/day 


Weight Loss 


>20% 


1 point per observation 




>30% 


2 points per observation 




>50% 


5 points per observation 


Leukopenia 


decrease of 50% 


3 points per observation 




counts <6000 


2 points per observation 


Hematocrit 


<25% PCV 


3 points per observation 


Death 




25 points 



35 



40 



45 



50 



55 



5. Evaluation of Induced Immunity to FIPV 

Inoculation with virulent FIPV induced a fatal infection in 4/5 (80%) of the control cats, which were vac- 
cinated with wild type raccoon poxvirus (Table 1). Both effusive and non-effusive forms of the disease were 
noted in the control cats. On the other hand, clinical disease was essentially absent after challenge of the sub- 
cutaneous vaccinates. The sporadic fever in these cats could be attributed to excitability and the slight anemia 
on one day in cat 1264 is not a significant finding. The subcutaneous vaccinates showed a statistically signif- 
icant reduction in clinical signs (p<0.05, by ANOVA) and death (p<0.01, by Chi Square Analysis) when com- 
pared to the control cats. 

The intramuscular route of vaccination was less effective in that 2/5 (40%) of the cats succumbed to FIPV- 
induced disease. However, the onset of disease in these cats was delayed when compared to the controls. 
The decreased efficacy may be related to the lower titer of virus inoculated into these cats because only a 1 
ml dose could be administered by this route. There was also decreased efficacy when cats were inoculated 
by the oral route (60% mortality) which may indicate the need for a higher virus dose when vaccinated by this 
route. 

The protection conferred against FlPV-caused disease by the subcutaneously administered vaccine was 
shown to be dose-dependent, confirming the benefit of a high-titer RRPV-FIPV vaccine in inducing protection 
against clinical disease induced by FIPV virus. A suitable vaccine dose contains viral antigen in the range of 
10 4 -10 8 TCID 50 /ml, preferably 10 7 -10 8 TCID5o/ml. Atypical dose for administration to cats is 1-3 ml, and delivery 
by the subcutaneous route is preferred. 
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SEQUENCE LISTING 



(1) GKNHHAL INFORMATION: 

(i) APPLICANT; Hasmoen, Terra 
Chavez, Lloyd 
Cftu, Hsien-Jue 

(ii) TITLE OP INVENTION: Recombinant Raccoon Pox Viruae and Their 
Use as an Effective Vaccina Against Infectious Peritonitis 
Virus Disease 

(iii) NUMBER OP SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Darby & Darby PC 

(B) STREET: 805 Third Avenue 

(C) crnr: Vev York 

(D) STATE: New York 
IE) CQONT&Y: US 

(F) SIP: X0022 

(v) COMPUTER READABLE FORM; 

(A) MEDIUM TYPEs Floppy disk 
(B> COMPUTER: IBM PC compatible 

(C) OPERATORS SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE i Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/125,516 . 

(B) FILING DATE: 22 -SEP -1993 

(C) CLASSIFICATION: 

(viii) ATT0RNEY/AC2NT INFORMATION: 

(A) NAME: S chaffer, Robert 

(B) REGISTRATION BOMBER: SI, 194 

(C) REFERENCE /DOCKET BOMBER: 9632/08669 

<ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 212-527-7700 

(B) TELEFAX: 212-753-6237 

(C) TELEX: 236687 



<2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 789 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(vi) ORIGINAL SOURCE: 

(A} ORGANISM: Feline Infectious peritonitis virus 

(vii) IMMEDIATE SOURCE: 

(B) CU3NB: FTPV Bl 



(xi) SEQUENCE DESCRIPTION: SEQ ID HQs Is 

aSXSAaGTACA TTITCCCAAT ACTOGGGTQC ATAAOTCCAT GCCTTTA3X3G TOAAOGCTAC 60 

TCTGOCATOC AAGACAGTGG CTTOCAGTOT ATTAA3X3GCA CAAATTCAAQ ATOTCAAACC 120 

TOCTTIGAAC GTGGTGATCT TA3TPGGCAT CTTGCTAACT GGAACTTCAG CTOGTCTOTA 180 

MATTGATra TTTTTATAAC ASTOTTACAA TATGGCASAC CACAATTTAG CTOGCTCJGTT 240 

TATGGCATTA AAATCCTGAX CATGTGGCTA TTATCGCCTA TTCTTCTAGC GCTTAOGATT 300 

TTEAATOCAT ACTCTGAGTA CCAAQTTOOC AGATASOTAA TCTTOGQCTT TftGTOTKCA 360 

TAAOGTTTGC ACTTTGQATC ATGTATETIG TOAGAICTOT TCAGCKVEAT 420 

AGABSAACCA AATCATQGXG GTCTTTTAAT CCTOGACTA ATCCAATTCT TXCTGITAAT 480 

GCAJT GQ Q TA OAAOTEftTOT GCTTCCCTTA GATGGTACTC CTACAGGTGT T&CCCXTACT 540 

CXACTTTCA3 GAA&TCEATA TCCTCAAGGT TTCAAAATOG CTGGTOGOTT AAOCATCX3AG 600 

CATTTGCCTA AAXAOGTCAT GA3TGCTACA CCTftGOCAGAA CCATCGTTTA TACATTACTT 660 

30 GGAAAACAAX TAAAAGCAAC TACTGCCACA GQA3X3GGCTT ACTADSTAAA ATCTAAAGCT 720 

GGTQATTACT CAACAGAAGC ACGTACTGAG AATTTOAGTO AACATOAAAA ATTATTACAT 780 

ATGCTGTAA 789 
35 (2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTBRISTICS : 

(A) USNOTH: 1134 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDHaiBSS: double 
^ <D> TOPOLOGY: linear 

(ii) MOLBCUIiB TYPE:" cDNA 

(vi) ORIGINAIj SOURCE: 

(A) ORGANISM: Feline infectious peritonitis virus 

45 (vii) IMMEDIATE SOURCE: 

(B) CLONK: FIPV W 
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(Xi) SEQUENCE DESCRIPTION: SKQ ID NO: 2: 

A3X3GGCACAC AGGGACAAOT OGTCAACTGG GGAGATGAAC CTTCCAAAAG AOGTGGTCGT 60 

TCIAACTCTC GTGGTCGGAA GAATAATGAT ATACCTTTGT CATTCTACAA CCCCATTACC 120 

CTGGAACAfcG GATCTAAATT TTGGAATTTA TGTCCGAGAG ACCTTOTTCC CAAAGGAATA 180 

GGTAAXAAGG ATCAACAAAT TOGITATTQG AATftGACAGA TTOGTTATOS TA3TGTAAAA 240 

GGCCZU30C5TA AGGAACTCGC TGAGAGGTGG TTCTTTTACT TCTTAGGTAC AGGACCTCAT 300 

GCTQATGCTA AATTGAAAGA CAAGATTCAT GGAGTCTTCT GGGTTGCAAG GGATOGTCCC 360 

ATOAACAAGC CCACAACGCT TGGCACTCQT GGAACCAATA ACGAATCCAA ACCACTGAGA 420 

TTTSATOGTA AGATACCGCC ACAGTTTCAG CTTGAAGTGA ACCGTTCXAG GAACAATTCA 480 

20 AGGTCTGGTT CTGAGTCTAG ATCTGTTTCA AGAAACAGAT CTCAATCTftG AGGAAGACAC 540 

CATTCCAAXA ACCAGAATAA TAA2OTTOAG GATACAATTQ TAGCCGTGCT TGAAAAATTA 600 

GGTGTTACTG ACAAACAAAG GTCAOGTTCT AAACCTAGAG AAOGTAGTGA TTCCAAACCT 660 

25 AGGGACACAA CACCTAAGAA TGCCAACAAA CACACCTGGA AGAAAACTGC AGGCAAGGGA 720 

GATGTGACAA CTTTCEATCG TGCTRQA&GT ASTTCAGCTA ACTTTOGTQA TAGTGATCTC 780 

GTTGCCAATG OIAAOSCIGC CAAATGCTAC CCTCASATAG CTGAATCTCT TCCAITCAGTG 840 

TCTAGCKEAA TCTTTCGCftG TCAATQGTCT GCTCAMAAG CTGGTGATCA AGTCAAAGTC 900 

AOKTCRCrc ACACCTACTA CCTGCCAAAG GATGATCCCA AAACTAGTCA ATTCCTAGAA 960 

CAGATTGAOG CTTACAAGCG ACCTTCTGAA GTCGCTAAGG ATCASAGGCA AAGAAGATCC 1020 

OGTTCTAAOT CTGCTGATAA GAAGCCTGAG GASTTCTOTG TAACTCTTGT QGAQGC&TAC 1080 

ACAGATCTGT TTGATOACAC ACAGGTTGAG ATOATTGATC AGCttTAGQAA CTAA U34 

(2) INFORMATION FOR 9BQ ID NO: 3: 

(i) SBQDBS CT CH ARACTERISTICS: 
40 (A) LENGTH: 8710 bas^ pairs 

<B) TTPB: nucleic acid 
(C) STRAHDBDNBSS: double 
<D> TOPOLOGY: circular 



30 



35 



45 



(ii) MOLECULE TYPE: DMA (genomic) 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Feline infections peritonitis virus 

(vii) Immediate source: 
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(B) CLONE: pscllfl 

(xi) SEQUENCE DESCRIPTION: SBQ ID 270:3: 

CGAAAGGGCC TCGTGATAOG CCTMTTna. TAGGTTAATG TCATGATAAT AATGKSTTTCT 60 

TAGAOGTCAG GTGGCACTTT TCGGGGAAAT GTG0GO3GAA CXXX7CK2TTG TTTATTTTTC 120 

TAAATACATT CAAATATGTA TCOSCTCATG AGACAATAAC CCTGATAAAT GCTTCAATAA 180 

TATTGAAAAA GGAftGACTAT GAGTATTCAA CATTTCCGTG TCGCCCTTAT TOCCTTTTTT 240 

GOGGGATTTT GCCTTCCTGT TTTTCCTCAC CCAGAAAOGC TCGTCAAAGT AAAAGATGCT 300 

GAftGATCAGT TGGGTGCACG AGTGGOTTAC ATCGAACTGG ATCTCAACAG CGGTAAGATC 360 

20 CTTGAGAGTT TTOGCCCCGA AGAAOGTTTT CCAATGATGA GCACTTTEAA AGTTCTGCTA 420 

TSTOGGGOGG TMTATCCOG TATTCACGCC GGGCAAGAGC AACTCGGTCG CCGCATACAC 480 

TATECTCAGA ATQACTTCGT TGAGTACTCA CCAGTCACAG AAAAGCATCT TACGGATGGC 540 

ATGACAGTAA GAGAATTATC CAGTGCTOCC ATAAOCATGA GTCATAACAC TGOGGCCAAC 600 

TTACTTCTGA CAAOGATOGG AGGACOGAAG GAGCTAACCG CTTTTTTGCA CAACATGGGG 660 

GATCATQTAA CT03CCTTSA TCGTTGGGAA COGGAGCTCA ATGAAGCCAT ACCAAAOGAC 720 

GAGCSIGACA CGACGATOCC TSTBGCAATO GCAACAACX3T TGOGCAAACT ATTAACTGGC 780 

C5AACTACTTA C1C17MSCTTC COQGCAACAA TTAATAHACT GGATGGAGGC GGAXAAAGTT 840 

GCAGGACCAC VTCTGCGCTC GGOCCTTOOQ GCTGGCTGGT TTATTGCTGA TAAATCTGGA 900 

3CCGOTGAGC GTOGGTCTOG CGGTATCATT GCAGCACTGG GGCCAGATCG TAAGCCCTCC 960 

OGTATCGTAG TTATCTACAC GACGGGGAGT CAGGCAACTA TGGATGAACG AAATAGACAG 1020 

ATOGCTCAGA 1TAGG1IGCCTC ACTGATTAAG CATTC3GTAAC TOTCAGACCA AGTTTACTCA 1080 

TATATACTTT AGATTCATTT AAAACTTCAT TTTTAATTTA AAAGGATCTA GOTSAAflATC 1140 

CTTTTTCATA^ATCTCATGAC CAAAATCCCT TAACGTGAGT TTTOGTl'CCA CTCAGCGTCA 1200 

GACCCCGTAC VaAAGATCAA AGGATCTTCT TGAGATCCTT TTTTTCTGOG CCTAATCTGC 1260 

XGC1TGCAAA 0AAAAAAACC ACC3GCTACCA GOGGTOOTTT GTTTGCCGGA TCAAGAGCTA 1320 

45 CCAACTCTTT TKOGAAGGT AACTOGCTTC AGCAGAGOGC AGATAOCAAA TACTGTCCTT 1380 

CTAGTGTAGC O^GTTAGG CCACCACTTC AAGAACTCTG TAGCACCGCC TACATAOCTC 144</ 

GCTCTCCTAA TCCTCTEACC AGTGGCTGCT GOCASTGGOG ATAAGTOGTG TCTTACCGGG 1500 
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TIGGACTCAA G A CG A TAGTT ACCGGAIAAG GCGCAGCGGT CGGGCTGAAC GGGGGGTTCG 1560 

TGCACACAGC CCAGCTTCGA GCGAAOSACC TACACOGAAC TQAGATACCT ACAGCGTOAG 1620 

f0 CATTOAGAAA GCGCCAOGCT TCOOGAAGGG AGAAAGGOGQ ACACGTATCC GGTAAGCGGC 1600 

AGGGTCGGAA CAGGAGAGOG CAOQAGQGAG CTTCOGGGG GAAAOGCCTG GTATCTTTAT 1740 

JUTTCCTGTOG GOTTTCGCCA OCTCIOACTT GAGOGT50GAX TTTTGTGATG CTCGTCAGGG 1800 

GGGOGGAGCC TATGGAAAAA CGOCAGCAAC GCGGCCTCTT TACGGTTOCT GGCCTTTTGC 1860 

15 

TGGCCTTTTC CTCACATGTT CTTTCCTGOG TIATCC0CTG ATTCTGTGGA TAACCGTATT 1920 

AOCX3CCTPTG AGTGAGCTGA TACCGCTOGC OGCAGCOSAA CGACCGAGOG CAGOSAGTCA 1980 

OTGAGCGAGG AAGOGGAAGA GOGCCCAATA CGCAAACOGC CTCTCCCOSC GOGTTCCCOG 2040 

ATTCA3TAAT GCAGCTCGCA CGACAGGTTT CCCGACTGGA AAGCGGGCAG TGAGCGCAAC 2100 

GCAATTAATG TGACTTAGCT CACTCA3TAG GCACCCCAGG CTTTACACTT TATGCTTCCG 2160 

GCTOGTATGT TCTGTCGAAT TGTGAGOGGA TAACAAITTC ACACAGGAAA CAGCTATGAC 2220 

25 CATGA3TACG CCAAGC1TTT GCGATCAATA AATGGATCAC AACC&GTATC TCTEAAOGAT 2280 

GTTCTTCGCA GATGATGATT GATTTTCTAA OT7OTTQGCT AG7GAAGA3X3 ATGAAATCTT 2340 

CATTATCTCA TATOXTCCAA ATGACTCAAT ATCTASACTT TCIGTTAT3A TTATTCATCC 2400 

30 AATCAAAAAA TAAATTAGAA GCCGTCGGTC ATTOTTATGA ATCTCTTTCA GAGGAATACA 2460 

GACAATTGAC AAAATTCACA GACTTTCAAG ATTTTAAAAA ACTGTTEAAC AAGGTCCCTA 2520 

TTGTTACAGA TCGAAGGGTC AAACTTAATA AAGGAXATTT GTTOGACTTT GTSATTAGTT 2580 

35 TGATOCGATT CAAAAAAGfcA TOCTCTCTAG CTACCACCGC AATAGATCCT GTTAGATACA 2640 

TAGATOCPOG TCGCAATATC GCKTTTTCTA AOJ1GATGGA TATA37TAAAG TCGAATAAAG 2700 

TGAACAATAA TTAATTCT'lT ATTCTCATCA TCAAOGGCGG ACATATTCAG TTGATAATQ3 2760 

^ GOCCCATOTT TTCAGGTTAAA AGTACAGAAT TAATTAGACG AGTTAGAOGT TATCAAATAG 2820 

CTCAATATAA ATGCOTGACT ATAAAATATT CTAACGATAA TAGATACGGA ACGGGACTAT 2880 

GGAOGCATGA TAAGAATAAT TTTGAAGCAT TCGAAGCAAC TAAACTATGT GATCTCTTCG 2940 

AATCAATTAC AGATTTCTCC GTGATAGGTA TCGATGAAGG ACAOTTCTTT CCAGACATTG 3000 

45 

TTCAATTCOG AGCTTGGCTG CAGGTCGGGG ATCCCCXXTO CCOGGTEATT ATTATTTTOG 3060 

ACACCAGACC AACTGGTAAT GGTAGCGAAC GGOGCTCAGC TCAATTCCGC CGATACTOAC 3120 
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GOGCTCCftGG AGTOSTOGCC ACCAATCCCC ATATGGAAAC C5CTOSMPATT CAGCCATGTC 3180 

CCTICTTOOG OGTCCBGCAG ATCGCGATCG CIGGTTTCCA TCAGTTOCTG 3240 

CJGG C l'U fl aGT TGAACTGGAA GTCGCCGCSC CACTGGTGTC GGCCAXAATT CAATTCGCGC 3300 

to 

CTOCOQCaSC GCAGACCX3TT TTOSCTOGGG AAGAOGTAOG GCGTATACAT GTCTGACAAT 3360 

GGCAGATCCC AGCGGTCAAA ACAGGCGGCA GTAAGGOQQT CGGGASA0XT TTCTTCOQGC 3420 

CCTAATCXX3A GCCAGTCTAC COGCTCIX3CT AOCTGCGCCA GCTCGCftQTT CAGGCCAATC 3480 

" CGOGCOGGAT GOQOTGTATC GCTOGCCACT TCAACATCAA 0Q3TAAT0GC CATTTGACCA 3540 

CTACCATCAA TOOGGTAGCT TTTCCGGCTG ATAAATAAGG TTTTCCCCTO ATCCTOCCftC 3600 

GOOTGACCGG TOGTAATCAG CACCGCATCA GCAAGTCTAT CTGCOOTGCA CTGCAACAAC 3660 

20 GCTSCTTCGG CCK3GTAATG GCCOGCOGCC TTOCftGCGTT CGACCCBQGC GTTftSGGTCA 3720 

A3X30GGGTOG CTTCACTCAC GCCAATOT03 TTATCCAGOQ GTCCAOQGGT GAACTGATOG 3780 

CGCAGCGGCG TCAQCAOTTG TT CTTTATGQ CCAATCCACA TCF3TG&AAG AAAGCCTCAC 3840 

25 TOGOGGTTAA ATTGCCAACG CTTATTACCC AGCTOGATOC AAAAATCCAT TTOGCTOGTG 3900 

GTCAGATGCG CGATCGCGTG GGACGOGGCG GGGAGOGTCA CACTGAGGTT TTCCGCCAGA 3960 

OGCCACTGCT GCOU5GOGCT GAOTTCCCOQ GCTTCT3ACC A!K5aGGTO3C GTTOQGTTSC 4020 

30 ACEACGOGTA CTOTGAGCCA GAGTTGCCCG GOGCTCTCOG GCTGOQGTaG TTCAGGCAGT 4080 

TCAATCAACT GTTTACCTTG TCGAGOGACA TCCAGAGGCA CTTCAOOGCT TGCCAGOGGC 4140 

TTWXATOCA GOGCCACCAT CCAGTGCAGG AGCTCGTTAT OGCTATGACG GAACAGGTAT 4200 

TGGCTGGTCA CTTOSMGGT TTGOCCGGAT AAAOGGAACT GGAAAAACTO CTGCTCGTST 4260 

35 

TTgSCTTCOS TCaGOGCTO S ATGOGGOGTO OGGTCGGCAA AGACCAGACC OTTCATftCAG 4320 

AACTGGOGAT 0GTTCX3GOCT ATCGCCAAAA TCACOGO0GT AA6C0QACCA 0GGGTIGC03 4380 

TTTTCATCAT ATTTAATCAG OGACTGATCC ACCCAGTCCC AGAQGAAGCC GOCCTGTAAA 4440 

OGGGGATACT GACGAAAOGC CTGOCRGTAT TTRfiOQAAAC OGCCAAGACT GTTACOCATC 4500 

GGGTGGGOGT ATTOGCAAAG GATCAGOGGG CGCGTCTCTC CAGGTAGOGA AAGOCATTTT 4560 

TTGASDGGACC ATTTOGGCAC AfiCOOGGAAG GGCTGGTCTT CATCCAOGOG OGC9TACATC 4620 

45 GGGCAAATAA TAMGGTGGC OGTCGTGTOG GCTCOGCCGC CTTCATACTO CACCGGGOGG 4680 

GAAGGATOGA CAGATTTGAT CGABOGAXAC AGCGOGTOGT GATTftGOGCC GTGGCCTGAT 4740 
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TCATTCCCCA GOGACCAOAT GATCACRCTC 
GXTAOQOOTT C0CICATCQC CGGTOGCCBG 
AOCATGCOGT GGGTTTCAAT ATTGGCTTCA 

™ AGCGTOTACC ACAGOGGATG GTTCGGATAA 
TE3CTTCATCA GCAGGATATC CTGCACCATC 
GGATCATGCT CGTGAOGGTT AACGCCTCGA 

f5 AGACCATTTT CAATCOGCAC CTOGOGGAAA 
GTGCCGTCGQ CGGTGTGCAG TTCAACCACC 
CAjCftGTTTOG GGTTTTCGAC CTIGAGAOGT 

20 TCATCGATAA TTTCACCGCC GAAAGGCGC3 
CATAAAGAAA CTGTTACCOG TAGGTMTCA 
TCCAGTACAG CGCGGCTGAA ATCATCATTA 

25 TGTGTAGTOG GTTTATGCAG CAAOGAGACG 
TCCTQATCry CCAGATAACT GCCQTCACTC 
TCTCCGGCQC GTAAAAATCC GCTCTGOTC A 
TAACCGACCC AGCGCCCGTT GCACCACAGA 

30 

ATTOGOGfTCT GGCCTTCCTG TAGCCAGCTT 
CCOGTCGQAT TCTCCQTGGG AACAAACGGC 
GTGTMATGQ GCGCAJtCGTA AOOGTCCATC 

35 

GCCTCAGGAA GATCGCACTC CAGOCAGCTT 
GCAAAGOGCC ATTCGCCATT CAGGCTGCGC 
TCTTCGCTAT TACGCCAGCT GGCGAAAGGG 

40 AOGCCAGGGT TTTCCCAGTC ACGACGTTGT 
TATAGCATAG AAAAAAACAA AATCAAATTC 
TATGAAAGTO GTGAXTCTCA CTAGOGTAGC 

45 ACCAATACTC AAGACTACGA AACTGATACA 
GTOGAAIAGC CATATGCOGG TAQTTGOGAT 



GGGTGATTAC 






4800 




<JjvjXl fli jfti It 


AX IUA1 iVWi 


4860 


TOUACLAJLAT 






4920 






nnflul X\» X 1V> 


il Q O rt 

*3o0 




uUi XVaHVA* X Vr 








A aVpsaatx J. 














GCACGA!X7U3A 


GATTCGGGAT 


TTOGGOGCTC 


5220 


AGTCTOACGC 


GATOQGCATA 


ACCACCAOGC 


5280 




VJlxnVA,* JAartJci JT 


1 XWjRkAA*i.\SV» 




UiuUKi I 












AXVA3\»X\3AX 1 




•TV" r>^^^*^^* ^ ^ 


TGGOGCIGKT 








CCATCACOSC 














jj* fi ^ ^ ji wi v^^^i 


xASnKTXAnEL^iA 




GGATTOACOG 


TAATCGGATA 






TGCCACTTTG 


AGGQGACGAC 


GACAGTATOG 


COO A 


TCCGGCACOG 


CTTCTGGTGC 






AACIGTTGGG 


AAGGGOGATC 


GGTCOGGGCC 


6000 


GGATGTCCTG 


CAAGGC3GA3T 


AAGTTSGGTA 




AAAACGACGG 


GA1XXCT0GA 


GGAATTCATT 


6120 


TACTATATTT TTACATACAT 


ATATTCTAAA 


6180 




ATATAGTAAT 


6240 


AXCICTTATC ATGTSGGTAA 


TCTTCTOGAT 


6300 


AXACATAAAC TQATCACTAA 


TTCCAAACCC 


6360 
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ACCCGCTTTT TATaCTAAGT TTTTCACCCA TAAATAATAA ATACAAX&AT TAATTTCTGG 6420 

TAAAAGTAGA AAAXA3EATTC TAATTEAMG CAOQGTAAGQ AAGTAGAATC ATAAAGAACA €480 

fO CTGAjOGGATC CC&AXTOGGG CMTTTTQGT TTGAACTAAA CAAAA3GAAG TACATTTTGC 6540 

TAATACTOGC GTCCATAATT GCATGOGTTT ATGGTGAACG CTACTGTCCC ATCCAAGACA €600 

GTGGCTTGCA GTGTMTAAT GGCACAAATT CAAGATGTCA AACCTGCTTT GAACGTCGTO 6660 

ATCTTATTTG GCATCTTGCT AACTOGAACT TCA3CTOGTC TGTAATATTG ATIOTTTTTA 6720 

TAACAGTGTT ACA&TATGGC AGACCACAAT TTAGCTGGCT CGTTTATGGC ATTAAAATGC 6780 

TGATCATCTG GCXATTATGG CCEATTCTTC TAGOGCTEAC GATITTTAAT GCATACTCTG 6840 

AGTACCAAGT TTOCAGATAT GTAATGTTCG GCTTTAGTCT TGCAGGTGCA Ci'lOTAAOGT 6900 

TTCCACTTTO GATOATOTAT TTTGTGAGAT CTGTTCASCT ATATAGAAGA ACCAAATCAT 6960 

GGTGGTCTTT TAATCCTGAG ACTAATGCAA TTC TTT GTCT TAATCCATTG GGTAGAAGTT 7020 

ATGTGCTTCC CTTAGATGGT ACTCCEACAG GTGTEACCCr TAC1CTACTT TCAGGAAATC 7080 

TAIATGCTCA AGGTTTCAAA ATGGCTGQTO GTTTAACCAT CGAGCATTTO CCTAAATACG 7140 

TCATGA3TGC TACACCTAGT AOAACCATCG TTTATACATT AGTTCGAAAA CAATTAAAAG 72 0O 

CAACTACTGC CACAGGATCG GCTTACTACG TAAAATCTAA AGCTGGTGAT TACTCAACAG 7260 

30 AASCACX3TAC TGACAATTTG AGTQAACATG AAAAATEMT ACATATGGTG TAACTAAACT 7320 

TTCAAATGGG GGAATTCTGT GAGOGTATGG CAAA0GAAGG AAAAAXTAOT TATASTAGCC 7380 

gcactcgato gcacatttca aogtaaaccg tttaataata ttttgaatct tattccatlft 7440 

tctgaaatgg tcgtaaaact aactcctgtg tgta7gaaat gctttaagga ggcttccttt 7500 

tctaaacxsat tgggtgagqa aaccgagata gaaataatag gaggtaatca tatctatcaa 7560 

TOGCTLOTOTA GAAAGTOTTA CATOGACTCA TAATATTATA TTTTTTATCT AAAAAACTAA 7620 

AAATAAACAT TGATTAAATT TTAATATAAT ACTTAAAAAT GGATGTTOTO TOGTEAGATA 7680 

AACCGTTTAT OTA3T1TGAG GAAA3TOATA ATGAGTTAGA TTAOGAACCA GAAAGTGCAA 7740 

ATGAGGTCGC AAAAAAACTG COGTATCAAG GACAOTTAAA ACTATTACTA GGAGAATTAT 7800 

TXXTTCTTAG TAAGTTACAG OGACAOGGTA TATTA2ATCG TCCCACOGTA 0TGTATATAO 7860 

GATCTGCTCC CGGTACACAT ATAOGTTATT TGSGftGATCA TTTCTATAAT TT&GGAGTGA 7920 

TCATCAAAT& GMGCTAATT GAOGGCOGCC ATCATGATCC TATTTTAAAT GOA3TCOGTC 7980 
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ATCTOftCTCT ACTC»CK3GG TTCGTTSATC AGGAA3&ICT ACGATCCATC AAAAAACAAC 8040 

TOCMOCTTC TAAGATEATT TOaft JTTCre ATGTQfiGATC CAAAOGAGGA GOAAATCAAC 8100 

f0 CERGTAGGGC GQATTTACTA AflTAATTACG CTCTACAAAA TQTCATQATX ACTATTTTAA 8160 

ACCCOGTCGC OTCTaGTCTT AAATCGAGAT GCCOSTTTCC AGATCAAITCG ATCAAGGACT 8220 

TTEATATCCC ACACGGTAAT AAAATGTTAC AACCTTTTGC TCCTTCATAT TCAGGGCCGT 8280 

CGXTTTACAA OGfTOGTGACT GGGAAAACCC TGGCGTTACC CAACTTAATC GOCTTGCftGC 8340 

ACATOCCCCT TTOGCCAGCT GGOGTAATRG CGftAGAGGCC OGCACCGATC GCOCTTCCCA 8400 

ACAGTXGOGC ^XXTPGAATO GCGAATQGCG CCTOATGCQO TATTTTCTCT TTAOGCATCT 8460 

OTGCGGSMT TCACACCGCA TBTOGTGCAC TClCa OT& OC ATCTGCTCTQ AIGCOSCAEA 8520 

QTTAAGCCAG TAC^CTCOGC TKTCGCTACG TCACTGQGTC A5X3GCTGOGC CCCGACACCC 8S80 

GCCAACACCC GCTGACGCGC CCT3AOGGGC TFOTCTGCTC COSGCATCCG CTTACAGACA 8640 

AGCIGT6ACC GTCTCOGGGA GCTGCATOTO TCAGAGGTTT TCACOGTCAT CACOGA&ACG 8700 

C60GSAGGGAG 8710 
(2) INFORMATION FOR SKQ XD NOi4i 
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25 



30 



it) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9015 base pairs 
CB) TYPE: nucleic acid 

(C) STRAKDEDNESS : double 

(D> TOPOiiOGY: circular 

(ii) MOIiECULB TYPE: DNA (genomic) 

35 (vl) ORIGINAL SOURCE : 

<A) ORGANISM; Feline immunodeficiency virus 

(vii) IM4BDIATB SOURCE: 

(B) CIjONE: pscllel 

40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GAAAGGGCCT OGTGATAQGC CTATTTTTAT AGGTTA&TGT CATGATAATA ATOGTTTCTT 60 

AGAOGTCAGG TOGCACTTTT CGGGGAAATG TGCGOGGAAC CCXTTATTTGT TTATTTTTCT 120 

45 AAATACATTC AAATATGTAT CCGCTCATGA GACAATAACC CTGATAAA1X3 CTTCAATAAT 180 

ATTGAAAAAG GAAGACTATC AGTATTCAAC ATTTCCGTGT CGCCCTTATT CCCTTTTTTC 240 

OQGCATTTTG CCTTCCTGTT TTTCCTCACC CAGAAACGCT GGTGAAAGTA AAAQA!TGCTG 300 
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j^GBSCTCTT GGGTGCAOGA GTGGGTTACA TCGAACTGGA TCTCAACAGC GGTAAGATCC 360 

TK3AflAGTTT TCGCCCOQAA GAAOGTTITC CAAltSATOAG CACTTTTAAA GTTCTCCTAT 420 

GTGQOGOGCT ATTMCCX3GT ATTGACGCCa GGCBAGW3CA ACTOGGTOGC OGCKTACACT 480 

ATTCTCAGAA TGACTTGGTT GAGTACTCAC CAGTCACAGA AAAGCATCTT AOGGATCGCA 540 

TGACAGTAAQ AGAATTATCC AGTCCTGCCA TAACCATCAG TOATAACACT GCGGCCAACT 600 

TACTTCTGAC AAC3GATOC3GA GQACOGAAGG AGCTAACGGC TTTTTTOCAC AACATGGGGG 660 

A2CATGTAAC TOGCCTTSAT OGTTGGGAAC CGGM5CTGAA TGAAGCCATA CCAAACGACG 720 

AGCGIGACAC CACGATGCCT GTAGCAATQG CAACAACGTT GCGCAAACEA TTAACTGGCG 780 

AACTBCITAC TCTAGCTTCC OGGCAACAA3T TAATAQACTO GATGGAGGCG GATAAAGTTG 840 

CAGGACCACT TCTG0GCT03 GCCXTTTCOOG CTGGCTGGTT TATXGCTGAT AAATCTCGAG 900 

CCGCTGRGOQ TGGOTCTOGC GGTATCATTO CAGCACTOGG GCCAGA5TCGT AAGCOCTOCC 960 

GTATOOTAGT TATCTACAOS AOTGGGAGTC AGGCAACTAT GGATGAACGA AATAGACAGA 1020 

TCGCTOAGAT AGGTOCCTCA CTGATTAAGC ATTOGTAACT GTCAGACCAA GTTTACTCAT 1080 

AEAIACTTTA GA3TOATTTA AAACTTCATT TTTABTITRA AAGGATCTAG GTGAAGATOC 1140 

TPPTTGATAA TCTCATOAOC AAAATCCCTT AAOSTGAGTT TTO3CTCCAC TCAGOTTCBG 1200 

ACCCCGTAGA AAAGATCAAA GGATCTTCTT GAGATCCTTT TTTTCTGOGC GTAATCTCCT 1260 

GCTTGCAAAC AAAAAAAOCA COGCTACCaG CGGTGGTTTG TITGCCGGAT CAAGAGCTAC 1320 

CM OCm T TCOGAAGGTA ACPGGCTTCA GC&GAGCGCA GAIACCAAAT ACTQTCCTTC 1380 

TAGTCTAGCC GTAGTTRGGC CACCACTTCA AGAACTCTGT AGCACOGOCT ACATACCTCG 1440 

CTCTGCTAAT CCTSTTACCA GTOGCTOCTG CCAGTSGOGA TAAGTOGTCT CTTACCGGGT 1500 

TGGACTCAAG ACGAIftGTTA COGGAXAAGG OGCAGOGGTC GGGCTGAAOG GGGGGTTOOT 1560 

GGACACAGCC CAGCTIGGfiG OGAACGACCT ACACOGAACT GfiGATACCTA CAGCGTGAGC 1620 

ATTGAGAAAG OGCCAOGCTT CCOGAAGGGA GAAAGGCGGA CAGGTATCOG GTAAGOGGCA 1680 

GGGTOGGAAC AGGAGAGOGC AOGAGGGAGC TTCCftGGGGG AAAOGCCTGG TATCTTTATA 1740 

GTCCTGTOGG GTTTCGCCAjC CTCTGACTTO AGCGTCGATT 'ITOMTOC TOGTCAGGGG 1800 

GGOGGAGCCT ATGGAAAAAC GCCAGCAACG OGGCCTTTTT ACGGTTCCTO GOCTTTTGCT 1860 

GGCCTTTTGC TCACATGTTPC TTTCCTGCGT TATCCCCTGA TTCTGTOGAT AACCGTATTA 1920 
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CCGCCTTTGA GTOAGCTGAT ACCGCPOGCC 


GCAGCOG&AC 


GACOGAGOSC 


AGOGAGTCAG 


1980 


TGAGCGAGGA AGCGGAAGAG OGCCCAAEAC 


GCAAACOGCC 


TCTOCOOGOG 


O3TTGGO0GA 


2040 


TTC3OTMTO CAGCTGGCAC GACAGGOTTC 


COGACTOGAA 


AGCGGGCAGT 


GAGOGCAACG 


2100 


CAATTAATGT GAGTTAGCTC ACTCATT AGG 


CACCCCAGGC 


TTTACACTTT 


ATGCTTCOGG 


2160 


ClKVi'AlXjT'r GTGTGGAATT GTGAGCGGAT 


AACAAT3TCA 


CACAGGAAAC 


AGCTATGACC 


2220 


ATGATTACGC CAAGCVTTTG CGATCAATAA 


ATCGATCACA 


ACCAGTATCT 


CTTAAOSATG 


2280 


TTCTTCGCAG ATGATGATTC A^ui-jrJTJUAAG 


TATTTGGCTA 


GTCAAGA7GA 


TGAAATCTTC 


2340 


ATTATCTX3AT ATATTOCAAA TCACTCAATA 


TCEAGACTTT 


CTCTTATTAT 


TATTGATOCA 


2400 


ATCAAAAAAT AAATTAGAAG COGTGGGTCA 


TTGTTATGAA 


TCTCTTTCAG 


AGGAATACAG 


2460 


ACAATTCACA AAATTCACAG AClTivjUraA 


TTTIAAAAAA 


trx\>±~iriAACA 


AGGTCCCTAT 


2520 


TGTTACAGAT GGAAGGGTCA AACTTAATAA 


AQGATAuTTTC 


TTOGftCrrre 


TGATTAGTTT 




CEATGOGATTC AAAAAAGAAT CXTTCTCXAGC 


TAOCACOGCA 


ATAGATCCTG 


TTAGATACAT 


2640 


AGATOCTOGT OSCAATATOG CATTTTCTAA 


OGTGATGGAT 


ATATTAAAGT 


OGAATAAAGT 


2700 


GAACAATAAT TAATTCTTTA TTGTCASCAT 


GAAOGGOGGA 


CATATTCAGT 


TGA^AATQffl? 


2760 




AATTAGAOGA 


GTTAGACGTT 


ATCAAATAGC 


AAA 

2820 


TCAAXftX&AA TGCGTGACTA TAAAATATTC 


TAACGATAAT 


AGATAOGGAA 


OGGGACTATG • 


• 2880 


GAOGCATGAT AAGAATAATT TTGAAGCATT 


GGAAGCAACT 


AAACTATGTG 


ATCTCTTGGA 


2940 


ATCAATTACA GATTTCTOQJ TGATAGGTAT 


CGAT3AAGGA 


CAU J i J x t Ci'i"i'C 


CAGACATTGT 


3000 


TGAA1TCCGA GCTTGGCTCC AGGTOQGGGA 


TCCCCCCTGC 


COGGTTATTA 


TTATTTTTGA 


3060 


CAOCAGACCA ACTCGTAATG GTAGOGAAOG 


GCGCTCAGCT 


GAATTCCGCC 


GAXACTGAOG 


3120 


GGCTCCAGGA OT0GTCG0CA CCAATCXXTCA 


TATGGAAACC 


GTOGATATTC 


AGCCATCTGC 


3180 


CTTCTTCCGC GTGCAGCAGA TGGOGATCGC 


TGGTTTCCAT 


CAGTOGCTGT 


TGACTGTAGC 


3240 


GGCTCATGTT GAACTGGAAG. TOGCCGOGCC 


ACTCGTCTCG 


GCCATAATTC 


AATTOGCGOG 


3300 


TCCXXrCAGOG CAGACCX3TTT TOGCTOGGGA 


AGAOGTAOGG 


GGTATACATG 


TCTOACAATG 


3360 


GCAGATCCCA GCGGTCAAAA CAGGCGGCAG 


TAAGGOGGtC 


GGGATAGTTT 


TCTTGOGGCC 


3420 


CTAATOCGAG CCAGTTTACC CGCTCltSCTA 


CCTGCGCCAG 


CTQGCAGTTC 


AGGCCAATCC 


3480 


GCGCCGGATG CGGTCTATCG CTCGOCACTT 


CAACATCAAC 


GGTAATCGCC 


ATTTOACCAC 


3540 
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TACCATCAAT COGGTAGGTT 


TTCCQGCTGA TAAATAAGC3T 


TiTococrraA 


TGCTGCCACG 


3600 




OGTGAOCGGT OGTAATCAGC 


ACOGCATCAG CAAGTGTATC 


TGCOOTGCAC 


TGCAACAAOG 


3660 


10 


crocrrosQC ctqgtbatss 


OOOGCOGCCT TCCAGCSTTC 


GACCCAGGOG 


TEAGGGTCAA 


3720 




TGCGCGTCGC TTCACTWOG 


CCAA1CTCGT TATCCAGOGG 


TGCAGGGGTC 


AACTGATOGC 


3780 




GCAGOGGOGT CAGCAGTTGT 


TTTTTATOGC CAATCCACAT 


CTGTGAAAGA 


AAGCCTGACT 


3840 


ill 
70 


GGOGGTTAAA T2X3CCAAOGC 


TTATTACCCA GCTOGATGCA 


AAAATCCATT 


TOGCTOGTGG 


3900 


TCAGATGCGG GATGGCGTGG 


GACGCGGOGG GGAGCGTCAC 


ACTGAGGTTT 


TOOGCCAGAC 


3960 




GCCACTGCTG CCAGGCGCTG 


ATGTCCCOGG CTTCTGACCA 


TCCGCTOGCO 


TTOGGTTGCA 


4020 




CTACGOGTAC TGTCAGCCAG 


AGTTGCCOGG OGCTCTCOGC 


CTOCQGTAGT 


TCAGGCW3TT 


4080 


20 


CAATCAACTG TTXACCTTQT 


GCAGOOACAT CCAGAGGCAC 


TTCACCGCTT 


GOCAGOGGCT 


4140 




tACCATCCAG cgccaccatc 


CAGTGCftGGA GCTCGTTATC 


GCTATGAOGG 


AACAGGTATT 


4200 




CGCTGGTCAC TTCGATGGTT 


TGCCOGGATA AACGGAACTC 


GAAAAACTGC 


TCCT3GTGTT 


4260 


25 


TTGCTTC03T CAGOGCTGGA 


TCC3QGOGTGC GGTCGGCAAA 


GACCAGACOG 


TTCATACAGA 


4320 




ACTGGOGATC GTPQQGCGEA 


TOGCCAAAAT CACOGCOGrXA 


AGCCGACCAC 


GGGTTCCOCT 


4380 




•FTTCATCATA TOTAATCAGC 


GACTGATCCA CCCftGTCOCA 


GACGAMCCS 


CCCTCTAAAC 


4440 


30 


GGGGATACTG AOGAAAGGOC 


TGOCAGTATT TMOGAAACXJ 


GCCAAGACTG 


VTACCCATOG 


4500 




OGTOGGCGTA TTOGCAAAGG 


ATCAGOGGGC GOOTCTCTCC 


AGGTAGOGAA 


AGCGATTTTT 


4560 




TGATGGAOCA TTTCGGCACA 


GCOGGGAAGG GCTOGTCTTC 


ATCCACGOGC 


GOGTACATCG 


4620 


35 


GGCAAATAAT ATCGGTCQCC 


GTGGTOTOGG CTCCGCOQCC 


TTCATACTGC 


ACOGGGOGGG 


4680 




AAGGATCGAC AGATTTCATC 


CAGCGATACA GOGCGTOQTO 


ATTAGCGOOG 


TGGOCTGATT 


4740 




CATTCCCCAG CGACCAGATG 


ATCACACTOG GGTGATTACG 


ATOGCGCTCC 


ACCATTOGOG 


4800 


40 


TTACGCGTTC GCTCATCGCC 


GGTAGCCAGC GCGGATCATC 


GGTCAGAOGA 


n\3ATTGGCA 


4860 




CCATCOGGTC GGTTTCAATA 


TTGGCTTCAT CCACCACATA 


CAGGCCGTAG 


CGGTOGCACA 


4920 




GOGTCTACCA GAGC366ATOG 


TTCGGATAAT GCGAACAGCG 


CACGGCGTTA 


AAGTTCTTCT 


4980 


45 


GCTTCATCAG CAGGATATCC 


TGCACCATCG TCTGCTCATC 


CATGACCTGA 


CCATGCAGAG 


5040 


GA1GA3X5CTC GTGACGGTTA 


ACGCCTOGAA TCAGCAACGG 


CTTGCCGTTC 


AGCAGCAGCA 


5100 




GACCATTTTC AATCCGCACC 


TCGOGGAAAC CGACATOGCA 


GGCTTCTGCT 


TCAATCAGOG 


5160 
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TSCOGTOGGC GGTCTGCAGT TCAACCACOO 
ACAGTTTCGG GTTTTCGACC TTGAGACGra. 
CATOGATAAT TTCACOGCCG AAAGGOGOGG 

10 AXAAAGAAAC TGTTACCOGT AGGTAGTCAC 
CCAGTACAGC GCGGCTGAAA TCATCA1TAA 
GTCTAGTOGG TTTATGCAGC AACGAGAOGT 

* 5 CXMATCTTC CAGAXAACTG CCETCACTCC 
CTCOGGCGOG TAAAAATGCG CTCAGGTCAA 
AACCGACCCA GOGCCCGTTG CACCACAGAT 

20 T x OXgrC TG GOCTXCCTOT AGCCAGCTTT 
CCGTOGGATT CT0OSTGGGA ACAAAOGGCG 
TGfTAGATGGG CGCATCGTAA COGTGCATCT 
CCTCAGGAftG ATOGCACTCC AGCCAGCTTT 
CAAAGCGCCA TT0GCCA3TC AGGCTGOGCA 
CTTCGCEATT AOGCCAGCTG GCGAAAGGGG 
CGCCAGGGTT TTCCCAGTCA CGACGTTGTA 

30 

AIAGCATAGA AAAAAACAAA ATGAAATTCT 

ATGAAAGTGG TGATTCTGAC TAOCGTAGCA 

CCAATACTCA AGACTACGAA ACTGATACAA 

35 

TOGAATAGCC ATATCCOGCT AG1TCOGATA 

cccGcrnrr atagtaagtt tttcacccat 

AAAAGTAGAA AATATATTCT AATTTATTGC 
m TGACGGATCC OGGOATGGOC ACACAGGGAC 

AAAGACGTGG TO5TTCTA&C TCTOGTQGTC 

ACAACCCCAT TACCCTOGAA CAAGGATCTA 
45 TTOCCAAAGG AATAGGTAAT AAGGATCAAC 

ATOGTATTCT AAAAGGCCAG CGTAAGGAAC 

50 



CA0GATAGAG 


ATTOGGGATT 


TOQGOGCTCC 


5220 


GTCTGAOGCQ 


ATCGGCATAA 


CCACXZAOGCT 


S280 


ICCOSCIGGC 


GACCTGOGTT 


TCaCCCTGCC 


5340 


GCAACTOGCC 


GCACATCTGA 


ACTTCAGCCT 


5400 


flGOaACxTQCiC 


AACATGGAAA 


TGGCTGA3TT 


5460 


CAijGGAAAAx 


GCXXSCxvATC 


OGCCACATAT 


5520 


AAGGCAGCAC 


CATCACCGCG 


AGGOGGTTIT 


5580 


ATTCAGACGG 


CAAAOGACTG 


TCCTGGCOCTT 


5640 




CSX lAAUjrCWi 


*TV*Jk7kTkXlk*f*JS?k 


5700 


CATCAACATT 


AAATQTGAGC 


GAGTAACAAC 


5760 


GArP3ACCX?T 


7« "K»T**V*V r "» Jk T'TH 


GTTAOGTTGG 


5820 


GCCAGITIGA 


/■vw^Jkrv^/v 1 
uGt^ACGAUU 


acagtatcgg 


coon 
5880 


CCGGCACCGC 


TTCTC3GTGCC 


GGAAACGAGG 


5940 


ALTlVsTTCiUUA 


AGGGGG&TUG 


GTCOGGGCCT 


6000 


GA3X3TGCTGC 


AAGGCXjATTA 


AGTTGGGTAA 


6060 




ATCCvTSXjGAG 


GAATTTCATIT 


6X20 


ACTATATTIT 


TACATACAXA 


TATTCl'AAAT 


6180 


IVAA, A Iv, ±Aij 


lAl At- HA. 


TATW5TAA3CA 


o^c4U 


TCTCTTATCA 




GTTCTGGATG 


6300 


TACATAAACT 


GATCACTAAT 


TCCAAACCCA 


6360 


AAATAATAAA 


TACAATAATT 


AATTTCTOGT 


6420 


ACGG-EAAGGA 


AGTAGAATCA 


TAAAGAACAG 


6480 


AAOGOGTCAA 


CTGGGGAGAT 


GAACCTTCCA 


6540 


GGAAGAATAA 


T3ATATACCT 


TTCTCATTCT 


6600 


AATTTTGGAA 


TTTATGTCOG 


AGAGACCTTG 


6660 


AAATK3GTTA 


TTGGAATAGA 


CAGA3TC3GTT 


6720 


TCGCTGAGAG 


GTGCTTCTTT 


TACITCTTAG 


6780 
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GTOCaGGACC TCATCCTOAT GCTAAAXTCA AAGACAAGAT TGATGGAGTC TTOTGGQTTQ 6840 

CMGGGATCG TQCCATGAAC AAGCCCACAA CGCTTGGCAC TCCTGGAACC AATAACGAAT 6900 

f0 CCAAACCACT CftGftTTTO&T GCTTAAGATAC CGCCACAGTT TCAGCTTCAA GTOftACOGOT 6960 

CTAflGAACAA TTCAAGGTCT GOfTTCTCAGT CTAGATCICT TTCAAGAAAC AGATC7TCAAT 7020 

CTAGAGGAAG ACACCATTCC AAXAACCAGA ATAAT^ATGT TGAGGATACA ATTGTAGCCG 7080 

TCCTTGAAAA ATTAGOTOTT ACTGAGAAAC AAAGGTCAOG TICTAAACCT AGAGAAGGTA 7140 

GTCATTCCAA ACCTAGGGAC ACAACACCTA AGAATGCCAA CAAACACACC TGGAAGAAAA 7200 

CTQCAGGCAA GGGAGATCTO ACAACTTTCT ATGGTOCTftG AACTAGTTCA GCTAACTTTG 7260 

GTCATftGTCA TCTCGTTGCC AATGGTAAOG CTG0CAAATO CTACCCTCAO ATAGCTGAAT 7320 

GTCTTCCATC AOTGTCTAGC ATAATCTTTC GCAGTCAATG GTCTGCTCAA GAMCTGGTG 7380 

ATCAAGTGAA AGTCAOGCTC ACTOUCAOCT ACTACCTGCC AAAGGATGAT GCCAAAACTA 7440 

GTCAATTOCT AGAACAGATP GAOGCTTACA AGOGACCTTC TGAAGTQGCT AAGGAXCAGA 7500 

25 GGCAAAGAAG ATOCOQTTCT AAGXCTCCTQ ATAAGAAGCC TGAGGAGTTG TCTCTAACTC 7560 

TTGTGGAGGC ATACACAGAT CWX3TTTCATG ACACACAGGT TGAGATGATT GATCAGGTTA 7620 

CGAACTAAAC GCAT6CCOGG GAATTCTOTQ AGCGTAXGGC AAAOQAAGQA AAAATTAGTT 7680 

30 AXAGTBGCGG CACTCGATGG GACATTTCAA CGTAAACCGT TTAATAATAT TTTGAATCTT 7740 

ATTCCATTAT CTGAAA3X3GT GGTAAAACTA ACTOCTOTOT GTA3DGAAAIG CTTTAAGGAG 7800 

GCITCCTTTT CTAAAOGATT GGCTGAQGAA ACCGAGATAG AAATAATAGG AGGTAATGAT 7860 

35 ATGTATCAAT CGGTGTGTAQ AAACTOTTAC ATCGACTCAT AATATTATAT TTTTTATCTA 7920 

AAAAACTAAA AATAAACATT GATTAAATTT TAATATAATA CTTAAAAATC GATGTTGTCT 7980 

CGTTAGATAA ACCGTTTATG TATTTTCAGG AAATT3AIAA TOAGTTAGAT TACGAACCAG 8040 

AAAGTGCAAA TGAGGTCGCA AAAAAACTGC OGTATCAAGG ACAGTTAAAA CTATTACTAG 8100 

40 

GAGAATTATT TTTTCTXA gT AAGTTACAGC GACAOGGTAT ATKUSATGGT GCCACCGTAG 8160 

TGTATATAGG ATCTCCTCCC GGTACACATA TACGTTATTT GAGAGATCAT TTCTAXAATT 8220 

TAGGAGTGAT CATCAAATGG ATGCTAATTG AGGGCCGCCA TCATGATCCT ATTTTAAATC 82 B0 

45 GATTGCGTGA TG1GACTCTA GTGACTOGGT TOOTTOATGA GGAATATCTA OGATCCATCA 8340 

AAAAACAACT GCATCCTTCT AAGATXATTT TAATTTCTCA TGTGAGATCC AAAOGAGGAG 8400 
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X £%VT A. lU/Ww 


CIA-TTTTAjCTCAA 

mm * nv 




TCTACAAAAT 


GTCA3X3ATTA 


8460 


5 


uliU X A * 






AATGGftGATQ 


CCOGTTTCCA 


GATCAATGGA 


8520 








CACGGTAAXA 


AAATCTTACA 


ACCTTTTGCT 


CCTTCATATT 


8580 






GTTTTACAAC 


GTOQTSACTG 


GGAAAACCCT 


GGOGTTACCC 


AACTTAAT06 


8640 


10 




CATCCCCCTT 


TCGCCAGCTG 


GCGTAAJAGC 


GAAGAGGCCC 


GCACCGBTOG 


8700 




CCCTTCCCAA 


CAGTTGOGCA 


GCCTQAATGG 




m*^T^^% lWV y ^m 0 ^T^m ^nt 




o /t»u 




TAOGCKTCTG 


tcoggtottt 


CACAOOGCAT 


ATGGTCCACT 


CTCAGTACCA 


TCTSCTCTGA 


8820 


15 


TGCOGCATAG 


TTAAGCCAGT 


ACACTCOGCT 


ATOGCTAOGT 


GACTOGGTCA 


TGGCTCCGCC 


8880 




COGftCACCCG 


CCAACACCCG 


CTSAOGOGCC 


CTGACGGGCT 


TOTCTGCTCC 


CC3GCATCOGC 


8940 




TTACAGACAA 


GCTGTGACCG 


TCTCOGGGftG 


CTGCATOTCrr 


CAGAQGTTTT 


CftOOGTCATC 


9000 




ACOSAAAOGC 


GCGAGGCfeG 
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Claims 

1. A recombinant raccoon poxvirus having at least one internal gene comprising a DNA sequence encoding 
a member selected from the group consisting of the nucleocapsid (N) and transmembrane (M/E1 ) proteins 

30 of Feline Infectious Peritonitis Virus (FIPV). 

2. The recombinant raccoon poxvirus of claim 1 wherein said internal gene encodes the N protein of FIPV 
having the amino acid sequence as set out in Figure 1B. 

35 3. The recombinant raccoon poxvirus of claim 1 wherein said internal gene encodes the M/E1 protein of FIPV 
having the amino acid sequence as set out in Figure 1 A. 

4. The recombinant raccoon poxvirus of claim 1 wherein said virus has genes encoding the E1 and N proteins 
of FIPV. 

40 5. A vaccine comprising: 

a recombinant raccoon poxvirus having at least one internal gene comprising a DNA sequence en- 
coding a member selected from the group consisting of the nucleocapsid (N) and transmembrane (M/E1) 
proteins of Feline Infectious Peritonitis Virus (FIPV), 

a pharmaceutical^ acceptable carrier or diluent, and 
45 a pharmaceutical^ acceptable adjuvant. 

6. The vaccine of claim 5 wherein said internal gene encodes the N protein of FIPV having the amino acid 
sequence as set out in Figure 1B. 

so 7. The vaccine of claim 5 wherein said internal gene encodes the M/E1 protein of FIPV having the amino 
acid sequence as set out in Figure 1 A. 

8. The vaccine of claim 5 wherein said virus has genes encoding the E1 and N proteins of FIPV. 

55 9. The vaccine of claim 5 further comprising inactivated or attenuated viruses selected from the group con- 
sisting of feline leukemia virus, feline panleucopenia virus, feline rhinotracheitis virus, feline calicivirus, 
feline immunodeficiency virus, feline herpesvirus, feline enteric coronavirus, or mixtures thereof. 
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1 0. The vaccine of claim 5 further comprising inactivated or attenuated feline Chlamydia psittaci, Microspor- 
um canis, or mixtures thereof. 

11. A vaccine comprising: 

5 a first recombinant raccoon poxvirus having at least one internal gene comprising a DNAsequence 

encoding a member selected from the group consisting of the nucleocapsid (N) and transmembrane 
(M/E1) proteins of Feline Infectious Peritonitis Virus (FIPV), 

a second recombinant raccoon poxvirus having at least one internal gene comprising a DNA se- 
quence encoding a member selected from the group consisting of the nucleocapsid (N) and transmem- 
10 brane (M/E1) proteins of Feline Infectious Peritonitis Virus (FIPV), 

a pharmaceutical^ acceptable carrier or diluent, and 
a pharmaceutical^ acceptable adjuvant. 
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12. A method for preventing disease caused by Feline Infectious Peritonitis Virus (FIPV), comprising admin- 
istering to a feline in need of such treatment a vaccine comprising a recombinant raccoon poxvirus having 
at least one internal gene comprising a DNAsequence encoding a member selected from the group con- 
sisting of the nucleocapsid (N) and transmembrane (M/E1) proteins of FIPV. 

13. The method of claim 12 wherein said internal gene encodes the N protein of FIPV having the amino acid 
sequence as set out in Figure 1B. 

14. The method of claim 12 wherein said internal gene encodes the M/E1 protein of FIPV having the amino 
acid sequence as set out in Figure 1 A. 

15. The method of claim 12 wherein said virus has genes encoding the E1 and N proteins of FIPV. 
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Sequence Range: 1 to 789 



10 20 
* * 

ATG AAG TAC ATT TTG CTA ATA CTC 
TAC TTC ATG TAA AAC GAT TAT GAG 
MKYILLIL 
a a a a TRANSLATION 

50 60 70 

* * # 

GGT GAA CGC TAC TGT GCC ATG CAA 
CCA CTT GCG ATG ACA CGG TAC GTT 
GERYCAMQ 
a a a a TRANSLATION 



30 40 
* * 

GCG TGC ATA ATT GCA TGC GTT TAT 
CGC ACG TAT TAA CGT ACG CAA ATA 
ACIIACVY> 
OF fipv El a a a a a > 

80 90 
* * 

GAC AGT GGC TTG CAG TGT ATT AAT 
CTG TCA CCG AAC GTC ACA TAA TTA 
DSGLQCIN> 
OF FIPV El a a a a a > 



100 110 120 130 140 

* * * * * 

GGC ACA AAT TCA AGA TGT CAA ACC TGC TTT GAA CGT GGT GAT CTT ATT 
CCG TGT TTA AGT TCT ACA GTT TGG ACG AAA CTT GCA CCA CTA GAA TAA 
GTNSRCQTCFERGDLI> 
a a a a TRANSLATION OF FIPV El a a a a a > 

150 160 170 180 190 

* * * * * 

TGG CAT CTT GCT AAC TGG AAC TTC AGC TGG TCT GTA ATA TTG ATT GTT 
ACC GTA GAA CGA TTG ACC TTG AAG TCG ACC AGA CAT TAT AAC TAA CAA 
WHLANWNFSWSVI LIV> 

a a a a TRANSLATION OP FIPV El a a a a a > 



200 210 220 230 240 

* * * * * 

TTT ATA ACA GTG TTA CAA TAT GGC AGA CCA CAA TTT AGC TGG CTC GTT 
AAA TAT TGT CAC AAT GTT ATA CCG TCT GGT GTT AAA TOG ACC GAG CAA 
FITVLQYGRPQF S W L V> 
a a a a TRANSLATION OF FIPV El a a a a a > 



260 270 280 

* * * 

CTG ATC ATG TGG CTA TTA TGG CCT ATT GTT CTA 
GAC TAG TAC ACC GAT AAT ACC GGA TAA CAA GAT 
LIMWLLW?IVL> 
TRANSLATION OF FIPV El a a a a a > 

290 300 310 320 330 

***** 

GCG CTT ACG ATT TTT AAT GCA TAC TCT GAG TAC CAA GTT TCC AGA TAT 
CGC GAA TGC TAA AAA TTA CGT ATG AGA CTC ATG GTT CAA AGG TCT ATA 
ALTIFNAYSEYQVSRY> 
a a a a TRANSLATION OF FIPV El a a a a a > 



250 
* 

TAT GGC ATT AAA ATG 
ATA CCG TAA TTT TAC 
Y G I K M 
a a a a 



340 350 360 370 380 

* * * * * 

GTA ATG TTC GGC TTT AGT GTT GCA GGT GCA GTT GTA ACG TTT GCA CTT 
CAT TAC AAG CCG AAA TCA CAA CGT CCA CGT CAA CAT TGC AAA CGT GAA 
VMFGFSVAGAVVTFAL> 
a a a a TRANSLATION OF FIPV El a a a a a > 



FIG. 1A-1 
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390 400 410 420 430 

* * # * * 

TGG ATG ATG TAT TTT GTG AGA TCT GTT CAG CTA TAX AGA AGA ACC AAA 
ACC TAC TAC ATA AAA CAC TCT AGA CAA GTC GAT ATA TCT TCT TGG TTT 

WMMYFVRSVQLYRRTK> 
a a a a TRANSLATION OF FIPV El a a a a a > 

440 450 460 470 480 

* * * * * 

TCA TGG TGG TCT TTT AAT CCT GAG ACT AAT GCA ATT CTT TGT GTT AAT 
AGT ACC ACC AGA AAA TTA GGA CTC TGA TTA CGT TAA GAA ACA CAA TTA 
SWWSFNPETNAILCVN> 
a a a a TRANSLATION OF FIPV El a a a a a > 



490 500 

GCA TTG GGT AGA AGT TAT GTG CTT 
CGT AAC CCA TCT TCA ATA CAC GAA 
ALGRSYVL 
a a a a TRANSLATION 



510 520 
* * 

CCC TTA GAT GGT ACT CCT ACA GGT 
GGG AAT CTA CCA TGA GGA TGT CCA 
PLDGTPTG> 
OF FIPV El a a a a a > 



530 540 550 560 570 

* * * * * 

GTT ACC CTT ACT CTA CTT TCA GGA AAT CTA TAT GCT GAA GOT TTC AAA 
CAA TGG GAA TGA GAT GAA AGT CCT TTA GAT ATA CGA CTT CCA AAG TTT 
VTLTLLSGNLYAEGFK> 
a a a a TRANSLATION OF FIPV El a a a a a > 

580 590 600 610 620 

* * * * * 

ATG GCT GGT GGT TTA ACC ATC GAG CAT TTG CCT AAA TAC GTC ATG ATT 
TAC CGA CCA CCA AAT TGG TAG CTC GTA AAC GGA TTT ATG CAG TAC TAA 
MAGGLTIEHLPKYVMI> 
a a a a TRANSLATION OF FIPV El a a a a a > 

630 640 650 660 670 

* * * * * 

GCT ACA CCT AGT AGA ACC ATC GTT TAT ACA TTA CTT GGA AAA CAA TTA 
CGA TGT GGA TCA TCT TGG TAG CAA ATA TGT AAT CAA CCT TTT GTT AAT 
ATPSRTIVYTLVGKQL> 
a a a a TRANSLATION OF FIPV El a a a a a > 

680 690 700 710 720 

***** 
AAA GCA ACT ACT GCC ACA GGA TGG GCT TAC TAC GTA AAA TCT AAA GCT 
TTT CGT TGA TGA CGG TGT CCT ACC CGA ATG ATG CAT TTT AGA TTT CGA 
KATTATGWAYYVKSKA> 
a a a a TRANSLATION OF FIPV El a a a a a > 

730 740 750 760 

* * * * 

GCT GAT TAC TCA ACA GAA GCA CCT ACT GAC AAT TTG AGT GAA CAT GAA 
CCA CTA ATG AGT TGT CTT CCT GCA TGA CTG TTA AAC TCA CTT GTA CTT 
GDYSTEARTDNLSEHE> 
a a a a TRANSLATION OF FIPV El a a a a a > 

770 780 

AAA TTA TTA CAT ATG GTG TAA 
TTT AAT AAT GTA TAC CAC ATT 
K L L H M V «> 
TRANSLATION OF FIPV > 

FIG. 1A-2 
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Sequence Range: 1 to 1134 



10 20 30 40 

* * * * 

ATG GCC ACA CAG GGA CAA CGC GTC AAC TGG GGA GAT GAA CCT TCC AAA 
TAC CGG TOT GTC OCT GTT GCG CAG TTG ACC CCT CTA CTT GGA AGG TTT 
MATQGQRVNWGDBPSK> 
a a a a TRANSLATION OF FIPV N a a a a a > 

50 60 70 80 90 

***** 
AGA CGT GGT CGT TCT AAC TCT CGT GGT CGG AAG AAT AAT GAT ATA CCT 
TCT GCA CCA GCA AGA TTG AGA GCA CCA GCC TTC TEA TTA CTA TAT GGA 
RRGRSNSRGRKNND IP> 
a a a a TRANSLATION of FIPV N a a a a a > 

100 110 120 130 140 

* * * * * 

TTG TCA TTC TAC AAC CCC ATT ACC CTC GAA CAA GGA TCT AAA TTT TGG 
AAC AGT AAG ATG TTG GGG TAA TGG GAG CTT GTT CCT AGA TTT AAA ACC 
LSFYNPITLEQGSKFW> 
a a a a TRANSLATION OF FIPV N a a a a a > 

150 160 170 180 190 

* * * * * 

AAT TTA TGT CCG AGA GAC CTT GTT CCC AAA GGA ATA GGT AAT AAG GAT 
TTA AAT ACA GGC TCT CTG GAA CAA GGG TTT CCT TAT CCA TTA TTC CIA 
NLCPRDLV PKGIGN KD> 
a a a a TRANSLATION OF FIPV N a a a a a > 

200 210 220 230 240 

* * * * * 

CAA CAA ATT GGT TAT TGG AAT AGA CAG ATT CGT TAT CGT ATT CTA AAA 
GTT GTT TAA CCA ATA ACC TTA TCT GTC TAA GCA ATA GCA TAA CAT TTT 
QQIGYWNRQIRYRIVIO 
a a a a TRANSLATION OF FIPV N a a a a a >. 

250 260 270 280 

* * * * 

GGC CAG CGT AAG GAA CTC GCT GAG AGG TGG TTC TTT TAC TTC TTA GGT 
CCG GTC GCA TTC CTT GAG CGA CTC TCC ACC AAG AAA ATG AAG AAT OCA 
GQRKELAERWFF YFLG> 
a a a a TRANSLATION OF FIPV N a a a a a > 

290 300 310 320 330 

***** 

ACA GGA CCT CAT GCT GAT GCT AAA TTC AAA GAC AAG ATT GAT GGA GTC 
TGT CCT GGA GTA CGA CTA CGA TTT AAG TTT CTG TTC TAA CTA CCT CAG 
TGPHADAKFKDK IDG V> 
a a a a TRANSLATION OF FIPV N a a a a a > 

340 350 360 370 380 

* * * * * 

TTC TGG GTT GCA AGG GAT GGT GCC ATG AAC AAG CCC ACA ACG CTT GGC 
AAG ACC CAA CGT TCC CTA CCA CGG TAC TTG TTC GGG TGT TGC GAA CCG 
FW VARDGAMNKP TT LG> 
a a a a TRANSLATION OF FIPV N a a a a a > 



FIG. 1B-1 



28 



EP 0 652 287 A2 



390 400 410 420 430 

***** 
ACT CGT GGA ACC AAT AAC GAA TCC AAA CCA CTG AGA TTT GAT GGT AAG 
TGA GCA CCT TGG TTA TTG CTT AGG TTT GGT GAC TCT AAA CTA CCA TTC 

TRGTNNESKPLRFDGK> 
a a a a TRANSLATION OF FIPV N a a a a a > 

440 450 460 470 480 

* * * * * 

ATA CCG CCA CAG TTT CAG CTT GAA GTG AAC CGT TCT AGG AAC AAT TCA 
TAT GGC GGT GTC AAA GTC GAA CTT CAC TTG GCA AGA TCC TTG TTA AGT 

I PPQFQLE VNRSRNNS> 
a a a a TRANSLATION OF FIPV N a a a a a > 

490 500 510 520 



* 



AGG TCT GGT TCT CAG TCT AGA TCT GTT TCA AGA AAC AGA TCT CAA TCT 
TCC AGA CCA AGA GTC AGA TCT AGA CAA AGT TCT TTG TCT AGA GTT AGA 
RSGS QSRSVSRNRSQS> 
a a a a TRANSLATION OF FIPV N a a a a a > 

530 540 550 560 570 

* * * * * 

AGA GGA AGA CAC CAT TCC AAT AAC CAG AAT AAT AAT GTT GAG GAT ACA 
TCT CCT TCT GIG GTA AGG TTA TTG GTC TTA TTA TTA CAA CTC CIA TGT 
RGRHHSNNQNNNVEDT> 
a a a a TRANSLATION OF FIPV N a a a a a > 

580 590 600 610 620 

* * * * * 

ATT GTA GCC GTG CTT GAA AAA TTA GGT GTT ACT GAC AAA CAA AGG TCA 
TAA CAT COG CAC GAA CTT TTT AAT CCA CAA TGA CTG TTT GTT TCC AGT 
IVAVLEKLGVTDKQRS> 
a a a a TRANSLATION OF FIPV N a a a a a > 

630 640 650 660 670 

* * * # * 

CGT TCT AAA CCT AGA GAA CGT AGT GAT TCC AAA CCT AGG GAC ACA ACA 
GCA AGA TTT GGA TCT CTT GCA TCA CTA AGG TTT GGA TCC CTG TGT TGT 
RSKPRERSDSKPRDTT> 
a a a a TRANSLATION OF FIPV N a a a a a > 

680 690 700 710 720 

* * * * * 

CCT AAG AAT GCC AAC AAA CAC ACC TGG AAG AAA ACT GCA GGC AAG GGA 
GGA TTC TTA CGG TTG TTT GTG TGG ACC TTC TTT TGA CGT CCG TTC CCT 
PKNANKHTW KKTAGKG> 
a a a a TRANSLATION OF FIPV N a a a a a > 

730 740 750 760 

* # * * 

GAT GTG ACA ACT TTC TAT GGT GCT AGA AGT AGT TCA GCT AAC TTT GGT 
CTA CAC TGT TGA AAG ATA CCA CGA TCT TCA TCA AGT CGA TTG AAA CCA 
DVTTFYGARS SSANFO 
a a a a TRANSLATION OF FIPV N a a a a a > 



FIG.1B-2 
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770 780 790 800 810 

* * * * * 

GAT AGT GAT CTC GTT GCC AAT GGT AAC GCT GCC AAA TGC TAG CCT CAG 
CTA TCA CIA GAG CAA CGG TTA CCA TTG CGA CGG TTT ACG ATG GGA GTC 
DSD LVANGNAAKCYPQ> 
a a a a TRANSLATION OF FIPV N a a a a a > 

820 830 840 850 860 

* * * * * 

ATA GCT GAA TGT GTT CCA TCA GTG TCT AGC ATA ATC TTT GGC AGT CAA 

TAT CGA CTT ACA CAA GGT AGT CAC AGA TCG TAT TAG AAA CCG TCA GTT 
IAECVPSVSSI IFGSQ> 
a a a a TRANSLATION OF FIPV N a a a a a > 

870 880 890 900 910 

* * * * * 

TGG TCT GCT GAA GAA GCT GGT GAT CAA GIG AAA GTC ACG CTC ACT CAC 
ACC AGA CGA CTT CTT CGA CCA CTA GTT CAC TTT CAG TGC GAG TGA GTG 
WSAEE AGDQVKVTLTB> 
a a a a TRANSLATION OF FIPV N a a a a a > 

920 930 940 950 960 

* * * * * 

ACC TAG TAC CTG CCA AAG GAT GAT GCC AAA ACT AGT CAA TTC CTA GAA 
TGG ATG ATG GAC GGT TTC CTA CTA CGG TTT TGA TCA GTT AAG GAT CTT 
T Y YLPKDDAKTSQFL E> 
a a a a TRANSLATION OF FIPV N a a a a a > 

970 980 990 1000 

* ♦ * * 

CAG ATT GAC GCT TAC AAG CGA CCT TCT GAA GTG GCT AAG GAT CAG AGG 
GTC TAA CTG CGA ATG TTC GCT GGA AGA CTT CAC CGA TTC CTA GTC TCC 
QIDAYKRPSEVAKDQR> 
a a a a TRANSLATION OF FIPV N a a a a a > 

1010 1020 1030 1040 1050 

* * * * * 

CAA AGA AGA TCC GGT TCT AAG TCT GCT GAT AAG AAG CCT GAG GAG TTG 
GTT TCT TCT AGG GCA AGA TTC AGA CGA CTA TTC TTC GGA CTC CTC AAC 
QRRSRSKSADKKPEEL> 
a a a a TRANSLATION OF FIPV N a a a a a > 

1060 1070 1080 1090 1100 

* * * * * 

TCT CTA ACT CTT GTG GAG GCA TAC ACA GAT GTG TTT GAT GAC ACA CAG 
AGA CAT TGA GAA CAC CTC CGT ATG TGT CTA CAC AAA CTA CTG TGT GTC 
SVT LVEAYTDVF DD TQ> 
a a a a TRANSLATION OF FIPV N a a a a a > 

1110 1120 1130 

* * * 

GTT GAG ATG ATT GAT GAG GTT ACG AAC TAA 
CAA CTC TAC TAA CTA CTC CAA TGC TTG ATT 
VEMI DEVTN*> 
a TRANSLATION OF FIPV N a a > 

FIG. 1B-3 
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FEATURES 



From 
1 



To/Span 



Description 

pUC18 ori/anp resistance 
Thymidine Kinase R 
lac Z gene 
Thymidine Kinase L 
Promoter Pll 
Promoter P7.5 
FIPV El CDNA 



DNA 
DNA 
DNA 
DNA 



7377 
6080 
2240 
6250 
6300 
6493 
6525 



2233 
8637 



3030 (C) 
3000 
6130 (C) 



signal 
signal 



6480 

7329 
7313 



DNA 
ORF 



1 El ORF 



1 CGAAAGGGCC TCGTGATACG CCTATTTTTA TAGGTTAATG TCATGATAAT AATGGTTTCT 
61 TAGACGTCAG GTGGCACTTT TCGGGGAAAT GTGCGCGGAA CCCCTATTTG TTTATTTTTC 
121 TAAAXACATT CAAAIATGTA TCCGCTCATG AGACAATAAC CCTGATAAAT GCTTCAATAA 
181 TATTGAAAAA GGAAGACTAT GAGTATTCAA CATTTCCGTG TCGCCCTTAT TCCCTTTTTT 
241 GCGGCATTTT GCCTTCCTGT TTTTGCTCAC CCAGAAACGC TGGTGAAAGT AAAAGATGCT 
301 GAAGATCAGT TGGGTGCACG AGTGGGTTAC ATCGAACTGG ATCTCAACAG CGGTAAGATC 
361 CTTGAGAGTT TTCGCCCCGA AGAACGTTTT CCAATGATGA GCACTTTTAA AGTTCTGCTA 
421 TGTGGCGCGG TATTATCCCG TATTGACGCC GGGCAAGAGC AACTCGGTCG CCGCATACAC 
481 TATTCTCAGA ATGACTTGGT TGAGTACTCA CCAGTCACAG AAAAGCATCT TACGGATGGC 
541 ATGACAGTAA GAGAAXTATG CAGTGCTGCC ATAACCATGA GTGAIAACAC TGCGGCCAAC 
601 TTACTTCTGA CAACGATCGG AGGACCGAAG GAGCXAAOCG CTTTTTTGCA CAACATGGGG 
661 GATGATGTAA CTCGOCTTGA TCGTTGGGAA CCGGAGCTGA ATGAAGCCAT ACCAAACGAC 
721 GAGCGTGACA CCACGATGCC TGTAGCAATG GCAACAACGT TGCGCAAACT ATTAACTGGC 
781 GAACTACTTA CTCTAGCTTC CCGGCAACAA TTAAXAGACT GGAIGGAGGC GGAXAAAGTT 
841 GCAGGACGAC TTCTGCGCTC GGCCCTTCCG GCTGGCTGGT TTATTGCTGA TAAATCTGGA 
901 GCCG GTGAGC GTGGGTCTCG CGGTATCATT GCAGCACTGG GGCCAGATGG TAAGCCCTCC 
961 CGTATCCTAG TTATCTACAC GACGGGGAGT CAGGCAACXA TGGATGAACG AAATAGACAG 
1021 ATCGCT GAGA TAGGTGCCTC ACTGATTAAG CATTGGTAAC TGTCAGACCA AGTTTACTCA 
1081 TATATAC iii 1 AGATTGATTT AAAACTTCAT TTTTAATTTA AAAGGATCTA GGTGAAGATC 
1141 CTTTTTGAXA ATCTCATGAC CAAAATCCCT TAAOGTGAGT TTTCGTTCCA CTGAGCGTCA 
1201 GACCCCGTAG AAAAGATCAA AGGATCTTCT TGAGATOCTT TTTTTCTGCG CGTAATCTGC 
1261 TGCTTGCAAA CAAAAAAACC ACCGCTAOCA GOGGTGGTTT GTTTGCCGGA TCAAGAGCTA 
1321 CCAACTCTTT TTCCGAAGGT AACTGGCTTC AGCAGAGCGC AGAIACCAAA TACTGTCCTT 
1381 COGTCTAGC CGTACTTAGG CCACCACTTC AAGAACTCTG TAGCAOCOCC TACAIACCXC 
1441 GCTCTGCTAA TCCTGTTACC AGTGGCTGCT GCCAGTGGCG AXAAGTCGTG TCTTACCGGG 
1501 TTGGACTCAA G&CGAXAGTT AOCGGAXAA6 GCGCAGCGGT CGGGCTGAAC GGGGGGTTC G 
1561 TGCACACAGC CCAGCITGGA GCGAAOGAOC TACACCGAAC TGAGAXACCT ACAGCGTGAG 
1621 CAITGAGAAA GCGCCACGCT TCCCGAAGGG AGAAAGGCGG ACAGGTATCC GGXAAGCGGC 
1681 AGGGtCGGAA CAGGAGAGCG CAOGAGGGAG CTTCCAGGGG GAAAOGOCTG GTATCTTTAT 
1741 AGTCCTGTCG GGTTTCGCCA CCTCTGACTT GAGCGTCGAT TTTTGTGATG CTCGTCAGG G 
1801 GGGCGGAGCC TATGGAAAAA CGCCAGCAAC GOGGCCTTTT TACGGTTCCT GGC CT TTT GC 
1861 TGGCCTTTTG CTCACATGTT CrrTCCrGC G TTATCCCCTG ATTCTGTGGA TAACCGTATT 
1921 ACCGCCTTTG AGTGAGCTGA TACCGCTCGC CGCAGCCGAA CGACCGAGCG CAGCGAGTCA 
1981 GTGAGCGAGG AAGCGGAAGA GCGCCCAAXA CGCAAACCGC CTCTCCCCGC GCGTTGGCCG 
2041 ATTCATTAAT GCAGCTGGCA CGACAGGTTT CCCGACTGGA AAGCGGGCAG TGAGCGCAAC 
2101 GCAATTAATG TGAGTTAGCT CACTCATTAG GCACCCCAGG CTTTACACTT TATGCTTCCG 
2161 GCTCGTATGT TGTGTGGAAT TGTGAGCGGA TAACAATTTC ACACAGGAAA CAGCTATGAC 
2221 CATGATTACG OCAA GC TTTT GCGATCAAXA AAIGGATCAC AACCAGTATC TCTTAACGAT 
2281 GTTCTTCGCA GATGATGATT CATTTTTTAA GTATTTGGCT AGTCAAGATG ATGAAATCTT 
2341 CATTATCTGA TAIATTGCAA ATCACTCAAT ATCTAGACTT TCTGTTATTA TTATTGATCC 
2401 AATCAAAAAA TAAATTAGAA GCCGTGGGTC ATTGTTATGA ATCTCTTTCA GAGGAATACA 
2461 GACAATTGAC AAAATTCACA GACTTTCAAG ATTTTAAAAA ACTGTTTAAC AAGGTCCCTA 
2521 TTGTTACAGA TGGAAGGGTC AAACTTAAIA AAGGATATTT GTTCGACTTT GTGATTAGTT 
2581 TGATGCGATT CAAAAAAGAA TCCTCTCTAG CTACCACCGC AATAGATCCT GTTAGATACA 
2641 TAGATCCTCG TCGCAATATC GCAXTTTCTA ACGTGATGGA TATATTAAAG TCGAATAAAG 
2701 TGAACAATAA TTAATTCTTT ATTGTCATCA TGAACGGCGG ACATATTCAG TTGATAATCG 
2761 GCCCCATGTT TTCAGGTAAA AGTACAGAAT TAATTAGACG AGTTAGACGT TATCAAATAG 
2821 CTCAATATAA ATGCGTGACT ATAAAATATT CTAACGATAA TAGATACGGA ACGGGACTAT 
2881 GGACGCATGA TAAGAATAAT TTTGAAGCAT TGGAAGCAAC TAAACTATGT GATCTCTTGG 
2941 AATCAATTAC AGATTTCTCC GTGATAGGTA TCGATGAAGG ACAGTTCTTT CCAGACATTG 
3001 TTGAATTCCG AGCTTGGCTG CAGGTCGGGG ATCCCCCCTG CCCGGTTATT ATTATTTTTG 
3061 ACACCAGACC AACTGGTAAT GGTAGCGAAC GGCGCTCAGC TGAATTCCGC CGATACTGAC 
3121 GGGCTCCAGG AGTCGTCGCC ACCAATCCCC ATATGGAAAC CGTCGATATT CAGCCATGTG 
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3181 CCTTCTTCCG CGTGCAGCAG ATGGCGATGG CTGGTTTCCA TCAGTTGCTG TTGACTGTAG 
3241 CGGCTGATGT TGAACTGGAA GTCGCCGCGC CACTGGTGTG GGCCATAATT CAATTCGCGC 
3301 GTCCCGCAGC GCAGACCGTT TTCGCTCGGG AAGACGTACG GGGTATACAT GTCTGACAAT 
3361 GGCAGATCCC AGCGGTCAAA ACAGGCGGCA GTAAGGCGGT CGGGATAGTT TTCTTGCGGC 
3421 CCTAAICCGA GCCAGTTTAC CCGCTCTGCT ACCTGCGCCA GCTGGCAGTT CAGGCCAATC 
3481 CGCGCCGGAT GCGGTGTATC GCTCGCCACT TCAACATCAA CGGTAATCGC CATTTGACCA 
3541 CTACCATCAA TCCGGTAGGT TTTCCGGCTG ATAAATAAGG TTTTCCCCTG ATGCTGCCAC 
3601 GCGTGACCGG TCGTAATCAG CACCGCATCA GCAAGTGIAI CTGCCGTGCA CTGCAACAAC 
3661 GCTGCTTCGG CCTGGTAATG GCCCGCCGCC TTCCAGCGTT CGACCCAGGC GTTAGGGTCA 
3721 ATGCGGGTCG CTTCACTTAC GCCAATGTCG TTATCCAGCG GTGCACGGGT GAACTGATCG 
3781 CGCAGCGGCG TCAGCAGTTG TTTTTTATCG COVAXCCACA TCTGTGAAAG AAAGCCTGAC 
3841 TGGCGGTTAA ATTGCCAACG CTTATTACCC AGCTCGATGC AAAAATCCAT TTCGCTGGTG 
3901 GTCAGATGCG GGATGGCGTG GGACGCGGCG GGGAGCGTCA CACTGAGGTT TTCCGCCAGA 
3961 CGCCACTGCT GCCAGGCGCT GATGTGCCCG GCTTCTGACC ATGCGGTCGC GTTCGGTTGC 
4021 ACTACGCGTA CTGTGAGCCA GAGTTGCCCG GCGCTCICCG GCTGCGGTAG TTCAGGCAGT 
4081 TCAATCAACT GTTTACCTTG TGGAGCGACA TCCAGAGGCA CTTCACCGCT TGCCAGCGGC 
4141 TTACCATCCA GCGCCACCAT CCAGTGCAGG AGCTCGTTAX CGCTATGACG GAACAGGTAX 
4201 TCGCTGGTCA CTTCGATGGT TTGCCCGGAT AAACGGAACT GGAAAAACTG CTGCTGGTGT 
4261 TTTGCTTCCG TCAGCGCTGG ATGCGGCGTG CGGTCGGCAA AGACCAGACC GTTCAXACAG 
4321 AACTGGCGAT OGTTCGGCGT ATCGCCAAAA TCACCGCCGT AAGCOGAOCA CGGGTTGOCG 
4381 TTTTCATCAT ATTTAATCAG CGACTGATCC ACCCAGTCCC AGACGAAGCC GCCCTGTAAA 
4441 CGGGGAXACT GACGAAACGC CTGCCAGTAT TTAGCGAAAC CGCCAAGACT GTTACCCATC 
4501 GOGIGGGOCT ATTCGCAAAG GATCAGCGGG CGCGTCTCTC CAGGTAGCGA AAGCCATTTT 
4561 TTGAXGGACC ATTTCGGCAC AGCCGGGAAG GGCTGGTCTT CATCCACGCG CGCGTACATC 
4621 GGGCAAATAA TATCGGTGGC CGTGGIGTCG GCTCCGCCGC CTTCAIACTG CACCGGGCGG 
4681 GAAGGATCGA CAGAXTTGAT CCAGCGATAC AGOGOG TOCT GATTAGCGCC GTGGCCTGAT 
4741 1CATTCCCCA GCGACCAGAX GATCACACTC GGGTGATTAC GATOGOGCTG CACCATTCGC 
4801 GTTADGOGTT OGCTCXTCGC CGGTAGCCAG CGCGGATCAT OGGTCftGACG ATTGATTGGC 
4861 ACCATGCCGT GGGTTTCAAT ATTQQCTTCA TCCACCRCAT ACAGGC CGTA GCG GTCGCAC 
4921 AGCGTGTACC ACAGCGGRTG GTTCGGATAA TGCGAACAGC GCAGGGCGTT AAAGTTGTTC 
4981 Iti^lUtJUX A GCAGGAZATC CTGCACCAXC GTCTGCTCAT CCAIGACCTG ACCATGCAGA 
5041 GGATGATGCT CGTGACGGTT AACGCCTCGA AXGAGCAACG GCTTGOCGTT CAGCAGCAGC 
5101 AGACCATTTT CAAXCCGCAC CTCGCGGAAA CCGACAXCGC AGGCTTCTGC TTCAATCAGC 
5161 GTGC CGTCGG CGGTGTGCA G TTCAACCACC GCACGATAGA GATTCGGGAT TTCGGCGCTC 
5221 CACAGTTTCG GGTTTTCGAC CTTGAGACGT AGTGTGAOGC GATCGGCATA ACCACCACGC 
5281 TCATCGATAA TTTCACCGCC GAAAGGCGCG GTGCCGCTG G CGACCTGCGT TTCACCCTGC 
5341 CAIAAAGAAA CTGTTAOOCG TAGGTAGTCA CGCAACTCGC CGCACATCTG AACTTCAGCC 
5401 TCCAGTACAG CGCGGCTGAA ATCATCATTA AAGCGAGTGG CAACATGGAA ATCGCTGATT 
5461 TGTGTAGTCG GTTTATGCAG CAACGAGACG TGACGGAAAA TGCCGCTCAT CCGCCACATA 
5521 TCCTGATCTT CCAGAXAACT GCCGTCACTC CAACGCAGCA CCATCACCGC GAGGCGGTTT 
5581 TCTCCGGCGC GXAAAAATGC GCTCAGGTCA AATTCAGACG GCAAACGACT GTCCTGGCCG 
5641 TAACCGACCC AGCGCCCGTT GGACGACAGA XGAAACGCCG AGTTAACGCC ATCAAAAAIA 
5701 ATTCGCGTCT GGCCTTCCTG TAGCCAGCTT TCATCAACAT TAAAXGTGAG CGAGTAACAA 
5761 CCCGTCGGAT TCTCCGTGGG AACAAACGGC GGATTGACCG TAATGGGATA GGTTACGTTG 
5821 GTGTAGATGG GCGCATCGTA ACCGTGCATC TGCCAGTTTG AGGGGACGAC GACAGTATCG 
5881 GCCTCAGGAA GATCGCACTC CAGCCAGCTT TCCGGCACCG CTTCTGGTGC CGGAAACCAG 
5941 GCAAAGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGTGCGGGCC 
6001 TCTTCGCTAT TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA 
6061 ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG GATCCCTCGA GGAATTCATT 
6121 TATAGCATAG AAAAAAACAA AATGAAATTC TACTATATTT TTACATACAT ATATTCTAAA 
6181 TATGAAAGTG GTGATTGTGA CTAGCGTAGC ATCGCTTCTA GACAIATACT AIATAGTAAT 
6241 ACCAATACTC AAGACTACGA AACTGATACA ATCTCTTATC ATGTGGGTAA TGTTCTCGAT 
6301 GTCGAATAGC CATATGCCGG TAGTTGCGAT ATACATAAAC TGATCACTAA TTCCAAACCC 
6361 ACCCGCTTTT TATAGTAAGT TTTTCACCCA TAAATAATAA AXACAATAAT TAATTTCTCG 
6421 TAAAAGTAGA AAATATATTC TAATTTATTG CACGGTAAGG AAGTAGAATC ATAAAGAACA 
6481 GTGACGGATC CCAATTCGGG CATTTTTGGT TTGAACTAAA CAAAATGAAG TACATTTTGC 
6541 TAATACTCGC GTGCATAATT GCATGCGTTT ATGGTGAACG CTACTGTGCC ATGCAAGACA 
6601 GTGGCTTGCA GTGTATTAAT GGCACAAATT CAAGATGTCA AACCTGCTTT GAACGTGGTG 
6661 ATCTTATTTG GCATCTTGCT AACTGGAACT TCAGCTGGTC TGTAATATTG ATTGTTTTTA 
6721 TAACAGTGTT ACAAXATGGC AGACCACAAT TTAGCTGGCT CGTTTATGGC ATTAAAATGC 
6781 TGATCATGTG GCTATTATGG CCTATTGTTC TAGCGCTTAC GATTTTTAAT GCATACTCTG 
6841 AGTACCAAGT TTCCAGATAT GTAATGTTCG GCTTTAGTGT TGCAGGTGCA GTTGTAACGT 
6901 TTGCACTTTG GATGATGTAT TTTGTGAGAT CTGTTCAGCT ATATAGAAGA ACCAAATCAT 
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6961 GGTGGTCTTT TAATCCTGAG ACTAATGCAA TTCTTTGTGT TAATGCATTG GGTAGAAGTT 
7021 ATGTGCTTCC CTTAGATGGT ACTCCTACAG GTGTTACCCT TACTCTACTT TCAGGAAATC 
7081 TAIATGCTGA AGGTCTCAAA AIGGCTGGTG GTTTAACCAT CGAGCATTTG CCTAAATACG 
7141 TCATGAXTGC TACACCTAGT AGAACCATCG TTTATACATT AGTTGGAAAA CAATTAAAAG 
7201 CAACTACTGC CACAGGATGG GCTTACTACG TAAAATCTAA AGCTGGTGAT TACTCAACAG 
7261 AAGCACGTAC TGACAATTTG AGTGAACATG AAAAATTATT ACATATGGTG TAACTAAACT 
7321 TTCAAATGGG GGAATTCTGT GAGCGTATGG CAAACGAAGG AAAAATTAGT TATAGTAGCC 
7381 GCACTCGATG GGACATTTCA ACGTAAACCG TTTAAXAATA TTTTGAATCT TATTCCATTA 
7441 TCTGAAATGG TGGTAAAACT AACTGCTGTG TGTATGAAAT GCTTTAAGGA GGCTTCCTTT 
7501 TCTAAACGAT TGGGTGAGGA AACCGAGATA GAAAXAATAG GAGGTAATGA TATGTATCAA 
7561 TCGGTGTGTA GAAAGTGTTA CATCGACTCA TAAIATTAIA TTTTTTATCT AAAAAACTAA 
7621 AAATAAACAT TGATTAAATT TTAAIATAAT ACTTAAAAAT GGATGTTGTG TCGTTAGAIA 
7681 AACCGTTTAT CTATTTTGAG GAAATTGAIA ATGACTTAGA TXACGAACCA GAAAGTGCAA 
7741 ATGAGGTCGC AAAAAAACTG CCGTATCAAG GACAGTTAAA ACTATTACTA GGAGAATTAT 
7801 TTTTTCTTAG TAAGTTACAG CGACACGGTA TATTAGATGG TGCCACCGTA GTGTAIAIAG 
7861 GATCTGCTCC CGGTACACAT AIACGTTATT TGAGAGATCA TTTCTAIAAX TTAGGAGTGA 
7921 TCATCAAATG GATGCTAATT GACGGCCGCC ATCATGATCC TATTTTAAAT GGATTGCGTG 
7981 ATGTGACTCT AGTGACTCGG TTCGTTGATG AGGAAXA2CT ACGATCCATC AAAAAACAAC 
8041 TGCAJCCrJC TAAGATTATT TTAATTTCTG ATGTGAGAIC CAAACGAGGA GGAAATGAAC 
8101 CTAGTACGGC GGATTTACTA AGTAATTACG CTCTACAAAA TGTCATGAXT AGTATTTTAA 
8161 ACCCCGTGGC GTCTAGTCTT AAATGGAGAT GCCCGTTTCC AGATCAATGG ATCAAGGACT 
8221 TTTAIATCCC ACACGGTAAT AAAAXGTTAC AACCTTTTGC TCCTTCAIAT TCAGGGCCGT 
8281 CGTTTTACAA OGTCGTGACT GGGAAAACCC TGGCGTTACC CAACTTAATC GCCTTGCAGC 
8341 ACATCCCCCT TTCGCCAGCT GGCGTAAXAG CGAAGAGGCC CGCACCGATC GCCCTTCCCA 
8401 ACAGTTGCGC AGCCTGAATG GCGAATGGCG CCTGATGCGG TAXTTTCTCT TTACGCATCT 
8461 GTGCGGTATT TCACACCGCA TATGGTGCAC TCTCACTACC ATCTGCTCTG ATGCCGCAIA 
8521 GTTAAGOCAG TACACTCCGC TATC5CXACG TGACTGGGTC ATGGCTGCGC CCCGACACCC 
8581 GCCAACACCC GCIGMOOGC OCTGaCGGGC TTGICTGCTC OCQQC M P G 3 CTTftCAGACA 
8641 AGCTGTGAOC CTCTCOQQGA GCTGC AT GTG TCAGAGGTTT TCACCGTCAT CACCGAAfiCG 
8701 CGCGAGGCAG 
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FEATURES 



From 
1 



To/Span 



Description 

PUC18 ori/anp resistance 
Thymidine Kinase R 
lac z gene 
Thymidine Kinase L 
Promoter Pll 
Promoter P7.5 
FIPV N cDNA 



DNA 
DNA 
DNA 
DNA 



7687 
6080 
2240 
6250 
6300 
6496 
6496 



2233 
8947 



3030 (C) 
3000 
6130 (C) 



signal 
signal 



6480 
7636 
7629 



DNA 
ORF 



1 N ORF 



1 CGAAAGGGCC TCGTGA XACG CCTATTTTTA TAGGTTAATG TCATGATAAT AATGGTTTCT 
61 TAGACGTCAG CTGGCACTTT TCGGGGAAAX GTGCGCGGAA CCCCTATTTG TTTATTTTTC 
121 TAAAXACATT CAAAIATGTA TCCGCTCATG AGACAAIAAC CCTGATAAAT GCTTCAAIAA 
181 TATTGAAAAA GGAAGAGTAT GAGTATTCAA CATTTCCGTG TCGCCCTTAT TCCCTTTTTT 
241 GCGGCATTTT GCCTTCCTGT TTTTGCTCAC CCAGAAACGC TGGTGAAACT AAAAGATGCT 
301 GAAGAICAGT TGGGTGCACG AGTGGGTTAC ATCGAACTGG ATCTCAACAG CGGTAAGATC 
361 CTTGAGAGTT TTCGCCCCGA AGAACGTTTT CCAATGATGA GCACTTTTAA AGTTCTGCTA 
421 TGTGGCGCGG TATTAXCCCG TAXTGACGCC GGGCAAGAGC AACTCGGTCG CCGCAIACAC 
481 TATTCTCAGA ATGACTTGGT TGAGTACTCA CCAGTGACAG AAAAGCATCT TACGGATGGC 
541 ATGACAGTAA GAGAATTATG CAGTGCTGCC ATAACGAXGA GTGAXAACAC TGCGGCCAAC 
601 TTACTTCTGA CAACGAXCGG AGGACCGAAG GAGCTAACCG CTTTTTTGCA CAACATGGGG 
661 GATCATCTAA CTCGCCTTGA TCGTTGGGAA CCGGAGCTGA ATGAAGCCAT ACCAAACGAC 
721 GAGCGTGACA OCACGATGCC TGTAGCAATG GCAACAACGT TGCGCAAACT AXXAACTGGC 
781 GAACTACTTA CTCTAGCTTC CCGGCAACAA TTAAXAGACT GGATGGAGGC GGAXAAAGTT 
841 GCAGGACCAC TTCTGOGCTC GGCCCTTCCG GCTGGCTGGT TTATTGCTGA TAAATCTGGA 
901 GCCG GTGAG C GTGGGTCTCG CGGTATCATT GCAGCACTGG GGCCAGATGG TAAGCCCTCC 
961 CGTATCGTAG TTATCXACAC GACGGGGAGT CAGGCAACTA TGGATGAACG AAATAGACAG 
1021 ATCGCT GAGA TAGGTGCCTC ACTGATTAAG CATTGGTAAC TGTCAGACCA AGTTTACTCA 
1081 TATATAC TTT AGATTGATTT AAAACTTCAT TTTTAATTTA AAAG GA TCT A GGTGAAGATC 
1141 CTTTTTGAIA ATCTCATGAC CAAAATCCCT TAACGTGAGT TTTCGTTCCA CTGAGCGTCA 
1201 GACCCCGTAG AAAAGAICAA AGGATCTTCT TGAGATCCTT TTTTTCTGOG CGTAATCTGC 
1261 TGCTTGCAAA CAAAAAAACC ACCGCTACCA GCGGTGGTTT GTTTGCCGGA TCAAGAGCTA 
1321 CCMCTCTTT TTCCGAAGGT AACTGGCTTC AGCAGAGCGC M3ATACCAAA T»CTGTCCTT 
1381 CTAGTGTAGC GGTAGTTAGG CCACCACTTC AAGAACTCTG TAGOWOCGCC TKMMBC 
1441 GCTCTGCTAA TCCTGTTACC AGTQQCTGCT GCCAGTGGCG AXAAGTCGTG TCTTACCGGG 
1501 TTGGACTCAA GMOGAXAGTT AOOGGA3AAG GCGCAGCGGT CGGGCTGAAC GGGGGGTTCG 
1561 TGOOOCC OOGCTTGGA QCGAACGACC TACACCGAAC TGAGATACCT ACAGCGTGAG 
1621 CATTGAGAAA QCGCCACGCT TCCCGAAGGG AGAAAGQOQG ACAGGTATCC GGTAAGCGGC 
1681 AGGGTCGGAA CAGGAGAGCG CACGAGGGAG CTTCCAGGGG GAAACGOCTG GTATCTTTAT 
1741 AGTCCTGTCG GGTTTCGCCA CCTCTGACTT GAGCGTCGAT TTTTGTGAXG CTCGXCAGGG 
1801 GGGCGGAGCC TATGGAAAAA CGCCAGCAAC GCQGCCTTTT TACGGTTCCT GGCCTTTTGC 
1861 TGGCCTTTTG CTCACATGTT CTTTCCTGCG TTATCCCCTG AXTCTGTGGA TAACCGTATT 
1921 ACCGCCTTTG AGTGAGCTGA TACGGCTCGC CGCAGCCGAA CGACCGAGCG CAGCGAGTCA 
1981 GTGAGCGAGG AAGCGGAAGA GCGCCCAATA CGCAAAOOGC CXCTCCCCGC GOGTTGGOOG 
2041 ATTCATTAAT GGAGCTGGCA CGACAGGTTT CCCGACTGGA AAGCGGGGAG TGAGCGCAAC 
2101 GCAATTAATG TGAGTTAGCT CACTCATTAG GCACCCCAGG CTTTACACTT TATGCTTCCG 
2161 GCTCGTATGT TGTGTGGAAT TGTGAGCGGA TAACAATTTC ACACAGGAAA CAGCTATGAC 
2221 CATGATTACG CCAAGCTTTT GCGATCAATA AATGGATCAC AAOGAGTATC TCTTAACGAT 
2281 GTTCTTCGCA GATGATGATT CATTTTTTAA GTATTTGGCT AGTCAAGATG ATGAAATCTT 
2341 CATTAICTGA TAIATTGCAA ATGACTCAAT ATCTAGACTT TCTGTTATTA TTATTGATCC 
2401 AATCAAAAAA TAAATTAGAA GCCGIGGGTC ATTGTTATGA ATCTCTTTCA GAGGAAXACA 
2461 GACAATTGAC AAAATTCACA GACTTTCAAG ATTTTAAAAA ACTGTTTAAC AAGGTCCCTA 
2521 TTGTTACAGA TGGAAGGGTC AAACTTAATA AAGGATATTT GTTCGACTTT GTGATTAGTT 
2581 TGATGCGATT CAAAAAAGAA TCCTCTCTAG CTACCACCGC AATAGATCCT GTTAGATACa 
2641 TAGATCCTCG TCGCAAIATC GCATTTTCTA ACGTGATGGA TAIAXTAAAG TCGAATAAAG 
2701 TGAACAATAA TTAATTCTTT ATTGTCATCA TGAACGGCGG ACATATTCAG TTGATAATCG 
2761 GCCCCATGTT TTGAGGTAAA AGTACAGAAT TAATTAGACG AGTTAGACGT TATCAAATAG 
2821 CTCAAXAXAA ATGCGTGACT ATAAAATATT CTAACGATAA TAGATACGGA ACGGGACTAT 
2881 GGACGCATGA TAAGAATAAT TTTGAAGCAT TGGAAGCAAC TAAACTATGT GATCTCTTGG 
2941 AATCAATTAC AGATTTCTCC GTGATAGGTA TCGATGAAGG ACAGTTCTTT CCAGACATTG 
3001 TTGAATTCCG AGCTTGGCTG CAGGTCGGGG ATCCCCCCTG CCCGGTTATT ATTATTTTTG 
3061 ACACCAGACC AACTGGTAAT GGTAGCGAAC GGCGCTCAGC TGAATTCCGC CGATACTGAC 
3121 GGGCTCCAGG AGTCGTCGCC ACCAATCCCC ATATGGAAAC CGTCGATATT CAGCCATGTG 
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3181 CCTTCTTCCG CGTGCAGCAG AIGGCGAXGG CTGGTTTCCA TCAGTTGCTG TTGACTGTAG 
3241 CGGCTGATGT TGAACTGGAA GTCGCCGCGC CACTGGTGTG GGCCAIAATT CAATTCGCGC 
3301 GTCCCGCAGC GCAGACCGTT TTCGCTCGGG AAGACGTACG GGGTATACAT GTCTGACAAT 
3361 GGCAGATCCC AGCGGTCAAA ACAGGCGGCA GTAAGGCGGT CGGGATAGTT TTCTTGCGGC 
3421 CCTAATCCGA GCCAGTTTAC CCGCTCTGCT ACCTGCGCCA GCTGGCAGTT CAGGCCAAIC 
3481 CGCGCCGGAT GCGGTGTATC GCTCGCCACT TCAACATCAA CGGTAATCGC CATTTGACCA 
3541 CTACCATCAA TCCGCTAGGT TTTCCGGCTG ATAAATAAGG TTTTCCCCTG ATGCTGCCAC 
3601 GCGTGACCGG TCGTAATCAG CACCGCATCA GCAAGTGTAT CTGCCGTGCA CTGCAACAAC 
3661 GCTGCTTCGG CCTGGTAATG GCCCGCCGCC TTCCAGCGTT CGACCCAGGC GTTAGGGTCA 
3721 ATGCGGGTCG CTTCACTTAC GCCAATGTCG TTATCCAGCG GTGCACGGGT GAACTGATCG 
3781 CGCAGCGGCG TCAGCAGTTG TTTTTTATCG CCAATCCACA TCTGTGAAAG AAAGCCTGAC 
3841 TGGCGGTTAA AXTGCCAACG CTTATTACCC AGCTCGATGC AAAAATCCAT TTCGCTGGTG 
3901 GTCAGATGCG GGATGGCGTG GGACGCGGCG GGGAGCGTCA CACTGAGGTT TTCCGCCAGA 
3961 CGCCACTGCT GCCAGGCGCT GATGTGCCCG GCTTCTGACC ATGCGGTCGC GTTCGGTTGC 
4021 ACTACGCGTA CTGTGAGCCA GAGTTGCCCG GCGCTCTCCG GCTGCGGTAG TTCAGGCAGT 
4081 TCAATCAACT GTTXACCTTG TGGAGCGACA TCCAGAGGCA CTTCACCGCT TGCCAGCGGC 
4141 TTACCATCCA GCGCCACCAX CCAGTGGAGG AGCTCGTTAT CGCTATGACG GAACAGGTAT 
4201 TCGCTGGTCA CTTCGATGGT TTGCCCGGAT AAACGGAACT GGAAAAACTG CTGCTGGTGT 
4261 TTTGCTTCCG TCAGCGCTGG AXGCGGCGTG CGGTCGGCAA AGACCAGACC GTTCATACAG 
4321 AACTGGCGAX OGTTOGGCGT ATCGCCAAAA TCACCGCCGT AAGCCGACCA CGGGTTGOCG 
4381 TTTTCATCAT ATTTAATCAG CGACTGATCC ACCCAGTCCC AGACGAAGCC GCCCTGTAAA 
4441 CGGGGMACT GACGAAACGC CTGCCACTAT TTAGCGAAAC CGCCAAGACT GTTACCCAIC 
4501 GCGTGGGCGT ATTCGCAAAG GAXCAGCGGG CGCGICXCTC CAGGTAGCGA AAGCCATTTT 
4561 TTGATGGACC AXTTCGGCAC AGCCGGGAAG GGCTGGTCTT CATCCACGCG CGCGTACATC 
4621 GGGCAAATAA TATCGGTGGC OGTGGIGTCG GCTCCGCCGC CTTCAIACTG CACCGGGCGG 
4681 GAAGGATCGA CAGATTTGAT CCAGCGAIAC AGCGCGTCGT GATTAGCGCC GTGGCCTGAT 
4741 TCATTCCCCA GCGACCAGAX GATCACACTC GGGTGATTAC GATCGCGCTG CACCATTCGC 
4801 GTTACGCGTT CGCTCATCGC CGGTAGCCAG CGCGGATCAT CGGTCAGACG ATTGATTGGC 
4861 AOCATGCCGT GGGTTTCAAT ATTGGCTTCA TCCACCACAT ACAGGCCGTA GCGGTOGCAC 
4921 AGCGTGTACC ACAGCGGATG GTTCGGMAA TGCGAACAGC GCACGGCGTT AAAGTTGTTC 
4981 TGCTTCAICA GGAGG&XRTC CTGGACGAXC GTCTGCTCAX CCAIGftGCTG ACCATGCAGA 
5041 GGATGATGCT CGTGACGCTT AACOCCTOGA ATCAGCAACG GCTTGCCGTT CAOCAXAOC 
5101 AS UXA TTT T CAATCCGCAC CTCGCGGAAA CCGACATCGC AGGCTTCTGC TTCAATCAGC 
5161 GTGCCGTCGG CGGTGTGCAG TTCAACCACfc GCACGAIAGA GAXTCGGGAT TTCGGCGCTC 
5221 CACAGTTTCG GCTTTTCGAC CTTGAGftCGT AGTGTGACGC GATCGGCAXA ACCACCACGC 
5281 TCATCGAIAA TTTCACCOCC GAAAGGCGCG GTGCCGCTGG CGACCTGCGT TTCAGCCTGC 
5341 CAIAAAGAAA CTGTTACCCG TAGGTAGTCA CGCAACICGC CGCACATCTG AACTTCAGCC 
5401 TCCAGTACAG CGCGGCTGAA AICATCATTA AAGCGAGTGG CAACATGGAA ATCGCTGAXT 
5461 TGTGTAGTCG GTTTATGCAG CAACGAGACG TCACGGAAAA TGCCGCTCAT CCGCCACAIA 
5521 TCCTGATCTT CCAGAIAACT GCCGTCACTC CAACGCAGCA CCATCACCGC GAGGCGGTTT 
5581 TCTCCGGCGC GTAAAAATGC GCTCAGGTCA AATTCAGACG GCAAACGACT GTCCTGGCCG 
5641 TAACCGACCC AGCGCCCGTT GCACCACAGA TGAAACGCCG AGTTAACGCC ATCAAAAAIA 
5701 ATTCGCGTCT GGCCTTCCTG TAGCCAGCTT TCATCAACAT TAAATGTGAG CGAGTAACAA 
5761 CCCGTCGGAT TCTCCGTGGG AACAAACGGC GGATTGACCG XAATGGGATA GGTTACGTTG 
5821 GTGTAGATGG GCGCATCGTA ACCGTGCAXC TGCCAGTTTG AGGGGACGAC GACAGTATCG 
5881 GCCTCAGGAA GATCGCACTC CAGCCAGCTT TCCGGCACCG CTTCTGGTGC CGGAAACCAG 
5941 GCAAAGCGCC ATTCGCCATT CAGGCTGCGC AACTGTTGGG AAGGGCGATC GGXGCGGGCC 
6001 TCTTCGCTAT TACGCCAGCT GGCGAAAGGG GGATGTGCTG CAAGGCGATT AAGTTGGGTA 
6061 ACGCCAGGGT TTTCCCAGTC ACGACGTTGT AAAACGACGG GATCCCTCGA GGAATTCAXT 
6121 TATAGCATAG AAAAAAACAA AATGAAATTC TACTATATTT TTACATACAT ATATTCTAAA 
6181 TATGAAAGTG GTGATTGTGA CTAGCGTAGC ATCGCTTCTA GACATATACT ATATAGTAAT 
6241 ACCAATACTC AAGACTACGA AACTGATACA ATCTCTTATC ATGTGGGTAA TGTTCTCGAT 
6301 GTCGAATAGC CATATGCCGG TAGTTGCGAT ATACATAAAC TGATCACTAA TTCCAAACCC 
6361 ACCCGCTTTT TATAGTAAGT TTTTCACCCA TAAATAATAA ATACAATAAT TAATTTCTCG 
6421 TAAAAGTAGA AAATATATTC TAATTTATTG CACGGTAAGG AAGTAGAATC ATAAAGAACA 
6481 GTGACGGATC CCGGGATGGC CACACAGGGA CAACGCGTCA ACTGGGGAGA TGAACCTTCC 
6541 AAAAGACGTG GTCGTTCTAA CTCTCGTGGT CGGAAGAATA ATGATATACC TTTGTCATTC 
6601 TACAACCCCA TTACCCTCGA ACAAGGATCT AAATTTTGGA ATTTATGTCC GAGAGACCTT 
6661 GTTCCCAAAG GAATAGGTAA TAAGGATCAA CAAATTGGTT ATTGGAATAG ACAGATTCGT 
6721 TATCGTATTG TAAAAGGCCA GCGTAAGGAA CTCGCTGAGA GGTGGTTCTT TTACTTCTTA 
6781 GGTACAGGAC CTCATGCTGA TGCTAAATTC AAAGACAAGA TTGATGGAGT CTTCTGGGTT 
6841 GCAAGGGATG GTGCCATGAA CAAGCCCACA ACGCTTGGCA CTCGTGGAAC CAATAACGAA 
6901 TCCAAACCAC TGAGATTTGA TGGTAAGATA CCGCCACAGT TTCAGCTTGA AGTGAACCGT 
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x 6961 TCTAGGAACA ATTCAAGGTC TGGTTCTCAG TCTAGAXCTG TTTCAAGAAA CAGATCTCAA 
7021 TCTAGAGGAA GACACCATTC CAAIAACCAG AATAATAATG TTGAGGATAC AATTGTAGCC 
7081 GTGCTTGAAA AATTAGGTCT TACTGACAAA CAAAGGTCAC GTTCTAAACC TAGAGAACGT 
7141 AGTGATTCCA AACCTAGGGA CACAACACCT AAGAATGCCA ACAAACACAC CTGGAAGAAA 
7201 ACTGCAGGCA AGGGAGATGT GACAACTTTC TATGGTGCTA GAAGTAGTTC AGCTAACTTT 
7261 GGTGATAGTG ATCTCGTTGC CAATGGTAAC GCTGCCAAAT GCTACCCTCA GATAGCTGAA 
7321 TGTGTTCCAT CAGTGTCTAG CATAATCTTT GGCAGTCAAT GGTCTGCTGA AGAAGCTGGT 
7381 GATCAAGTGA AAGTCACGCT CACTCACACC TACTACCTGC CAAAGGATGA TGCCAAAACT 
7441 AGTCAATTCC TAGAACAGAT TGACGCTTAC AAGCGACCTT CTGAAGTGGC TAAGGATCAG 
7501 AGGCAAAGAA GATCCCGTTC TAAGTCTGCT GATAAGAAGC CTGAGGAGTT GTCTGTAACT 
7561 CTTGTGGAGG CATACACAGA TGTGTTTGAT GACACACAGG TTGAGATGAT TGATGAGGTT 
7621 ACGAACTAAA CGCATGCCCG GGAATTCTGT GAGCGXATGG CAAACGAAGG AAAAATTAGT 
7681 TATAGTAGCC GCACTCGATG GGACATTTCA ACGTAAACCG TTTAATAATA TTTTGAATCT 
7741 TATTCCATTA TCTGAAATGG TGGTAAAACT AACTGCTGTG TGTATGAAAT GCTTTAAGGA 
7801 GGCTTCCTTT TCTAAACGAT TGGGTGAGGA AACCGAGATA GAAATAAIAG GAGGTAATGA 
7861 TATGTATCAA TCGGTGTGTA GAAAGTGTTA CATCGACTCA TAATATTATA TTTTTTATCT 
7921 AAAAAACTAA AAAIAAACAT TGATTAAATT TTAATATAAT ACTTAAAAAT GGATGTTGTG 
7981 TCGTTAGATA AACCGTTTAT GTATTTTGAG GAAATTGATA ATGAGTTAGA TTACGAAOCA 
8041 GAAAGTGCAA ATGAGGTCGC AAAAAAACTG CCGTAXCAAG GACAGTTAAA ACTATTACTA 
8101 GGAGAATTAX TTTTTCTTAG TAAGTTACAG CGACACGGTA TATTAGATGG TGCCACCGTA 
8161 GXGTAXAXAG GATCTGCTCC CGGTACACAT ATACGTTATT TGAGAGATCA TTTCTAIAAT 
8221 TTAGGAGTGA TCATCAAATG GATGCTAATT GACGGCCGCC ATCATGATCC TATTTTAAAT 
8281 GGATTGCGTG ATGTGACTCT AGTGACTCGG TTCGTTGATG AGGAAXATCT ACGATCCATC 
8341 AAAAAACAAC TGCATCCTTC TAAGATTATT TTAATTTCTG ATGTGAGATC CAAACGAGGA 
8401 GGAAATGAAC CXAGTACGGC GGATTTACTA AGTAATTACG CTCTACAAAA TGTCATGATT 
8461 AGTATTTTAA ACCCCGTGGC GTCTAGTCTT AAATGGAGAT GCCCGTTTCC AGAICAAIGG 
8521 ATC AAGGACT TTTAXATCCC ACACGGTAAT AAAATGTTAC AAgTTTTGC TCCTTCAXAT 
8581 TC A GGGOC GT CGTTTTACAA CGTCGTGACT GGGAAAACCC TGGCGTTACC CAACTTAATC 
8641 GOCTTGGAGC ACAICCCCCT TTCGCCAGCT GGCOIAAXAG CGMGRGGOC CGCACCGATC 

8701 ococ n coo i acagttgcgc agcctgaatg gcgaatggcg cct ga tgcg g tattttctct 

8761 TTACGCATCT GTGCGGTATT TC^CACCGCA TATGGTGCAC TCTCAGTACC ATCTGCTCTG 
8821 ATGCCGCATA GTTAAGCCAG TACACTCCGC TATCGCTACG TGACTGGGTC ATGGCTGCGC 
8881 COOaOCOC GCCAACACCC GCTGAOGCGC CCTGAOGGGC TTGTCTGCTC CCGGCATCCG 
8941 CTTACAGACA A9CXGTGACC GTCTCCGGGA GCTGCATGTG TCAGAGGTTT TCACCGTCAT 
9001 CACCGAAACG CGCGA3GCAG 
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